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I. INTRODUCTION 
Interest in energy resources during the last few years has generated 
much concern over the relationship between energy consumption and agricul­
ture. Presently the United States uses one-third of the world's energy. 
As in all parts of the economy, energy use in agriculture has increased 
rapidly and production methods with high energy demands have become a way 
of life on American farms. 
Present agricultural practices are based on low cost energy supplies, 
primarily oil. Rapidly changing supply -demand conditions may make the 
cheap energy assumption obsolete and force basic changes in production 
practices. Efficiency of energy conversion in agriculture was of little 
concern under conditions of an unlimited supply of cheap energy. As 
energy costs rise, efficiency of energy conversion becomes increasingly 
important. In the past, the total number of calories required for a unit 
of product was of little concern. In the future this may be a matter of 
great concern. In the past, cropping systems have been studied to 
determine which system is the most profitable over a range of cost and 
price situations, but no value was put on energy use and production 
because the energy costs were a minor segment of total costs. Because 
of rising energy costs, efficiency of energy transformations now merits 
study. 
A series of long-term rotation-fertility experiments which have been 
conducted in Iowa over the paist 60 years furnish data that can be used to 
study relative energy efficiencies of different cropping systems on 
different soils. 
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Experiments at three sites in Iowa were selected for this study: 
the Galva-Primghar Research Center near Sutherland, the Clarion-Webster 
Research Center near Kanawha, and the Shelby-Grundy Research Center 
near Beaconsfield. 
The objectives are to determine the relative efficiencies of energy 
production of a wide range of cropping systems, and to determine whether 
or not these efficiencies of production are affected by soil and 
climatic differences at the different sites. 
3 
II. LITERATURE REVIEW 
A. Energy in the United States 
Fossil fuel supplies will not provide an infinite source of energy. 
During the past few years , the demand for energy and petrochemicals has 
grown at a pace so rapid that the reserves of fossil fuels, once con­
sidered inexhaustible, are now being quickly depleted (1).^ Clearly, it 
is time to either cut back in the amounts being used or else different 
sources of energy (nuclear, solar) must be rapidly brought into use. 
These two overall solutions are obvious. Man's plight could become so 
desperate that he might begin to destroy his fellow man in order that 
some men may survive; or he could carefully learn to conserve the 
present types of energy available to him. The most natural course of 
action, since man is a creature who would rather keep seeking a new 
solution than deal with an already tangled problem, is to develop 
alternative resources of energy. 
consistently provided 90 to 97% of the total energy in the United 
States (2). Currently, about 93% of the U.S. energy comes from fossil 
fuels. The remaining 7% comes from other sources, including nuclear, 
hydroelectric, and (with a very small portion) geothermal. This is 
predicted to be 86% from fossil fuel and 14% from other sources in 
1980 (3). 
lumbers in parentheses refer to references in section VII. 
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The use of energy in the form of fossil fuels has been of signifi­
cant importance to the American farmer. In 1940, 12.49 million cubic 
meters of fuel were used for all farm machinery, and consumption increased 
to 28.76 million cubic meters in 1965 (4). This is more than a 100% 
increase in 30 years. According to Nelson et al. (5), it is often 
falsely stated that farming uses more petroleum than any other single 
industry. Farm production used 164 x 10^^ Kcal of petroleum in 1974. 
To put this amount into true perspective, the petroleum and related 
products industry used more than 500 x 10^2 Kcal of petroleum energy, 
and the chemicals eind allied products industry used more than 400 x 10^2 
Kcal of petroleum energy. Since these other industries use more than 
twice as much petroleum as farming, the allegation is clearly untrue (5). 
It is not the author's intention to discern who is correct in this 
instance, but rather to underscore that fossil fuels, which must be 
conserved, are being consumed at a phenomenal rate. 
It is worth noting that it takes as much energy to build a 6-
passcngsr car as it doss to grov; an acre of cauliflov.'sr for a year (6) . 
In comparison, approximately 5 acres of corn and 20 of wheat Ccin be 
grown on the same cunount of energy. Here, tlie efficiency of modem 
American agriculture is obvious. 
According to Ampratwun et al. (7), U.S. agriculture uses, directly 
and indirectly, less than 3% of the toteil U.S. energy used (8) , which 
in 1970 was about 17.64 x 10^^ Kcal (9). The Council for Agricultural 
Science and Technology (10) reports much the same thing and indicates 
that agricultural production now uses 3% of the energy consumed in the 
United States — less than the amount needed to fuel jet aircraft (10). 
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Yet, investment of this relatively modest amount of energy has made it 
possible to greatly increase the productivity of the land. The Council 
also went on to say that all consumers benefit from agricultural exports 
made possible by the production capabilities of U.S. agriculture. This 
3% investment of the U.S. energy budget in agriculture thus insures the 
purchase of more than two-thirds of the total energy imports that would 
be consumed in all phases of the economy. The advantage of the continu­
ation of such an investment is clear (10) ; the cost of the 3% investment 
of the U.S. energy budget is more than outweighed by the return on crops 
sold overseas. 
Energy input per hectare increased for each of the following 
countries during the years 1951-1974: Mexico, 6%; India, 33%; United 
States, 73%; and japan, 80% (11). Energy output per hectare also 
increased in each of these countries. The percent increases were : 
Mexico, 107%; India, 50%; United States, 93%; cind Japan, 82%. Here, 
we see evidence of the higher priority which agriculture has received 
due to the current energy problem. The world greatly fears a feed 
crisis, which would be worse by far than the present energy crisis. 
There may well come a time when people will have to decide whether 
they want heat or whether they want food, since they may not be avail­
able simultaneously. 
B. Energy in Agriculture 
Agriculture requires energy input. Crops capture solar energy 
and use it with water, plant nutrients from the soil, and carbon dioxide 
from the air to produce the graiin, fruit, fiber, or other products 
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consumers desire (10). Energy sources for agricultural production 
include solar energy, fossil fuel (petroleum, gas, coal), farm wastes 
(both animal and crop), fuel wood, hydropower (electricity), windpower, 
animal and human labor. 
The total food system consumes energy in each of the following 
segments of the economy; industrial, commercial, residential, and 
transportation (12). According to a study prepared for the Federal 
Energy Administration in 1975, the total food system uses 16.5% of 
the nation's energy (13). By the term "food system" we include the 
energy spent on agricultural production, processing, transportation, 
wholesale and retail trade, and final preparation of the goods being 
consumed. Only 18% of the toteil energy required for the system is used 
by agricultural production. Consumers of the greatest amounts of energy 
in the food system are processing (33%) and home preparation (30%) (10). 
In another study, Steinhart and Steinhart (14) indicated that in 
1970 crop production consumed almost 526.1 x 10^^ Kcal, which is less 
55* of tot?! e^eroy U s, food system^ other studies 
(cited in 14) reported values from 12 to 20%, depending on the boundaries 
given the food system and the extent to which indirect energy is used. 
Energy is used directly in many forms and indirectly through a 
myriad of inputs used in crop production. It is estimated by the USDA 
(15) that about 4.17 x lO^'^ Kcal were used in U.S. crop production in 
1974. The amounts and forms of energy contributed to crop production are : 
10.9 million cubic meters of gasoline, 8.57 million cubic meters of 
diesel fuel, 1.11 million cubic meters of fuel oil, 4.36 million cubic 
meters of L? gas, 4.77 billion cubic meters of natural gas, and 22.3 
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billion fâ/h. of electricity. The USDA data indicated that about 35% of 
the total energy consumed in agricultural production is used in ferti­
lizer production, amother 15.5% is used in irrigation, and the less than 
50% which reiflciined was used in pre-plant preparation, frost protection, 
harvesting, crop drying, pesticide, and etc. 
U.S. agriculture has measured its efficiency in such units as yield 
per hectare, man-hours per hectare, yield per man-hour, or number of 
persons fed per agricultural worker. It ranked at or near the top among 
nations in these parameters. Then, suddenly came a shortage of energy. 
Researchers turned to examining the energy efficiency of agriculture and, 
in the interpretations made by many, agriculture was found wanting. 
One way of dramatizing the necessity of inputs of energy into 
agricultural pursuits is to conç>are the energy inputs and outputs. Such 
comparisons are interesting and instructive, but the tendency is to 
misinterpret them. The Council for Agricultural Science and Technology 
ClOi stated that, from the standpoint of the producer, the crucial issue 
in acjriculture is dollars of output zclativz to dollars of input, and rot 
energy output relative to energy input. From the consumer standpoint, 
the value of the energy output., which in foods is usually expressed in 
calories, is only one of the factors contributing to the value of the 
product. Where food is concerned, U.S. consumers pay dollars to satisfy 
their tastes, preferences, and nutritional requirements. We do not tend 
to value food in proportion to its caloric content. In fact, many persons 
avoid calories by purchasing such products as "diet" soft drinks that 
contain a nonsugar sweetener lew in caloric content. Unfortunately, the 
desire to eat food that satisfies taste preferences is so great that the 
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number one nutritional problem in the United States is obesity, result­
ing from consumption of too many calories, rather than obtaining enough 
calories to provide the energy needed CIO). 
If efficiency is measured in terms of the conservation of energy, 
then American agriculture ranks low on the scale. It has been estimated 
that traditional Chinese wet rice agriculture, at its best, could produce 
53.5 Kcal of energy for each Kilocalorie of human energy expended in 
producing it (16). But the energy expended on wet rice agriculture came 
from human bodies burning off rice, and not fossil fuels, as U.S. farm 
machinery would require. 
Crops have a wide range of energy efficiencies. Heichel (17) cited 
literature indicating that primitive agriculture yielded 16 calories of 
energy per calorie of input, while modern agriculture gives about one 
calorie of output for each calorie of input, in other words, the high 
productivity of modem agriculture has been converting petroleum and 
other energy sources into a food product. The majority of the modem 
CiOûpiny âysceri'is returned several calorics of digestible sr.srgi' per 
calorie of input. Hirst (18) stated that 21 units of energy input were 
needed with modern agriculture to replace each single unit of human 
energy. Kalewaja (19) disagreed with some of the reported values of 
input energy with varying practices, but he did agree that the high 
productivity of modern agriculture has required high energy expenditures. 
Although efficiency of energy usage hais decreased with modern agricul­
tural methods, this fact in no way suggests that agriculture should 
revert to the hoe any more thcin we should all revert to walking as our 
main means of transportation (.5) . 
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Modern agriculture, in consuming only a small portion of the total 
U.S. available energy and by using advanced technology, has enabled 
farmers to make tremendous increases in productivity so that today the 
exporting of agricultural products helps the nation, in effect, pay for 
the importation of goods from abroad. For example, in 1976 the $23 
billion the U.S. gained in foreign exchange from exports of agricultural 
products (20) paid, in effect, for 68% of the total energy imports of $34 
billion (21). In a sense, therefore, one may say that the investment 
of 3% of the U.S. energy budget in agriculture has made it possible to 
feed the entire nation and, in addition, to purchase more than two-
thirds of the energy supplying imports used in all aspects of the 
economy. Assuming that agriculture reverted to primitive production 
methods and ceased using all energy — estimated at 4.4% of the United 
States total — the 15 year oil reserve would be extended by only 15.7 
years (18) . 
National awareness through education and involvement in energy con­
servation . by people in all economic facets of society , is essential to 
prolong the supply of fossil fuels while providing ample time to develop 
alternate sources of energy. With this goal in mind, a reasonable 
standard of living can be maintained in the developed countries , progress 
can be made by people residing in the developing nations, and resources 
can be preserved for future generations. 
C. Energy in Crop Production 
Sunlight, fossil fuels, and the labor of man and beast are the best 
sources of energy for crop production. Sunlight provides the energy for 
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the biochemical processes that transform the carbon dioxide in the air to 
carbohydrates in the crops. However, only a small portion of the energy 
available from sunlight is conserved in photosynthesis because the major 
portion escapes as heat (17). in addition to sunlight, energy require­
ments for food production are supplemented by human and animal labor, 
fossil fuels burned by tractors and vehicles during cultivation and 
harvesting, and energy required to grow seed, produce machinery, and 
manufacture chemicals and fertilizers. A discussion of each of the 
different areas in which energy is used in crop production follows. 
1. Solar energy 
Solar energy is the largest source of energy available to the earth. 
In fact, 99.98% of the total energy influx to the earth is solar energy 
(22) . All present forms of fossil fuels come from the incomplete decay 
of vegetable and animal matter that has been buried and taken millions 
of years to develop. The sun radiates every day an enormous amount of 
energy to the earth -- an average of 70.23 Kcal/m^/day in June, the 
maximum month for solar radiation. The average amount of solar energy 
input for central Iowa is equal to 10.38 million Kilowatt hours per 
hectare per year (23). 
The problem is not the amount of energy available but rather the 
collection of it. According to Evans (24), solar energy falls on the 
earth at the rate of 3 x 10^4 joules per year. If this energy could be 
collected, an area of 6800 km^ would provide all the energy required by 
the United States. However, solar energy is very dilute, with an 
intensity of only about 1.2 x 10Joules per square meter per day. 
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The problem, therefore, with either physical or biological systems is to 
concentrate this energy at a xiseful level (24) . 
The use of solar energy can be approached either as a problem in 
physics or in biology (24). The biological approach considers the 
possibilities of using photosynthetic systems to harvest the energy of 
the sun. Biological systems function as concentrators on a time basis 
by converting the energy into the stable energy of chemical bonds. 
Photosynthesis in terms of overall plant growth is, however, a very 
inefficient energy conversion system. The overall recovery of the 
incident energy in plant material is 1% or less (24). 
Experiments on the efficiency of photosynthesis in lower forms of 
plant life, primarily algae, have been performed and the results of many 
of the experiments are listed in the bibliography edited by Jensen (25). 
The maximum expected conversion efficiency was 20% for algae as reported 
by Kok (26). Under ideal conditions, proper carbon dioxide content, and 
ejqjosure to the usable portions of the light spectrum, Kok was able to 
obtain only 10* efficiency. This fis very when compared to 
agricultural crops in production situations, where actual efficiencies 
are in the range of 3% (27). 
Sol?r energy has traditionally been used on farms to dry mature 
crops in the field or in a ventilated shed or crib. Harvesting methods 
that accommodate field or crib drying require more labor than does 
drying with artificial heat. Drying crops, heating farm buildings, 
greenhouses and residences, and heating water for farm and domestic 
uses are applications compatible with direct collection and utilization 
of solar energy. 
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Crop drying is an energy-intensive farm operation for which gas or 
petroleum is the chief heat source. The total energy needed for drying 
12 
crops in 1974 was equivalent to about 28 x 10 Kcal, which is almost 
6.7% of the total energy consumed in crop production (15). Slow drying 
of crops in storage can conserve about 75% of the fossil fuel ordinarily 
required. This system maximizes use of the heat in natural air, and the 
fuel energy required seldom exceeds 25% of the total. This method is 
presently being used to dry about 20% of the com and rice and could be 
used more widely with further fuel energy savings (10) . 
The USDA (15) reported irrigation consumed 15.5% of the energy used 
in crop production in the United States in 1974. A far higher proportion 
of the energy was used on irrigated farms. Foreign made solar-powered 
water pumps are now commercially available, though expensive. They could 
be extensively employed to lift water for irrigation systems without 
further depleting the supply of fossil fuels (10). 
The Council for Agricultural Sciences and Technology (10), quoting 
from Kessler (2S) - indicated that the Energy Research and Development 
Administration predicted that solar energy could supply 5% of the energy 
for agricultural purposes by 1985 and 25% by the year 2000. 
The 3,300 Kcal of food energy consumed per capita daily in the 
United States comes from the sun. Solar energy is continuous and free, 
but only a small part of it is stored by plants. An even smaller part 
trickles into the food chain to become dinner on the table. For each 
Kilocalorie of food energy consumed, 28,000 Kcal of solar energy reach 
the outer limits of the atmosphere (5) . Most agriculturcLL production 
stores from 0.1 to 0.9% of the solar energy available. U.S. crops 
and grazing land stored 0.2% (1974 data) or 16 Kcal of plant energy for 
each 7,500 Kcal of solar energy available (5). The best thing about 
using solar energy is that it is relatively inexpensive. 
2. Machinery 
As late as 1920, more than 20 million horsepower were provided by 
horses and mules which had to be fed from the land (29). In 1915, U.S. 
agriculture was powered by about 25.6 million horses and mules. Since 
then, they have been replaced by tractors. Today, the number of 
horses and mules has decreased to less than 2 million on U.S. farms 
(5). The USDA reported in Statistical Bulletin No. 233 (30) that in 
1920 the U.S. agricultural sector used 5 million horsepower for machinery 
while in 1969 this number increased to 204 million, and that the number 
of tractors increased from 2.4 million in 1945 to 4.1 million in 1976. 
Energy consumed in the manufacture of farm equipment is very 
significant and should be considered in any crop production energy 
efficiency analysis. The use of modern technology in agriculture has 
caused an increased need for machinery production. In addition, new 
cultural practices , such as the application of fertilizers and herbi­
cides , have given rise to increased equipment requirements and conse­
quently to augmented requirements for energy used in machinery manufac-
Developing a method for determining energy inputs for the manufac­
ture and distribution of farm machinery is a complicated process. 
Herendeen (31) indicated that the total energy demand attributable to 
a product is 1) the "total manufacturing energy" which includes all 
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steps from extraction of raw materials to the final fabrication, 2) the 
energy needed to deliver the product to the final market, 3) operation 
energy, and 4) energy needed to support maintenance activities, including 
eventual disposal of the product. 
The first step to consider in an energy analysis is the materials 
from which agricultural machines are constructed: steel, rubber, cast 
iron, plastic, and miscellaneous metals and fibers. 
Little research work is available to evaluate the energy inputs 
for farm equipment and comparable studies conducted to determine energy 
inputs for automobile manufacture have produced varying results. Nelson 
et al. (5) reported about 2% of the total cultural energy is contributed 
by the manufacture of farm machinery, which is a small portion. 
Cultural energy comes from human and animal labor, fossil fuels burned 
by tractors and vehicles during cultivation and harvesting, and energy 
used in transportation and in processing. Cultural energy includes all 
energy required to grow seed, construct buildings, and to produce 
machinery, chemicals, and fertilisers (17). Nelson et al. (5) pointed 
out that from 1.2 to 5.0 x 10^ Kcal are required to manufacture a ton 
of farm equipment. This amount does not include the energy in the 
basic metals used, nor the energy in the manufactured products used 
such as tires, bearings, electrical components, and fuel systems. 
Herendeen (31) listed coefficients relating total manufacturing 
and distribution energy to manufacturing output-in-dollars for 362 
sectors of the economy. Essentially this converted the U.S. Department 
of Coitcierce Input-Output Table for 1963 into energy terms. Farm 
machinery was included in these data. Farm machinery required 
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19,430 Kcal per dollar for manufacturing and 8,240 Kcal per dollar for 
dis tribut ion. 
Clark and Johnson C32) reported that the John Deere Company calcu­
lated that in-plant energy used was 18.144 million Kcal for production 
of an average size tractor (fictitious ill hp). These authors pointed 
out that 11,566 Kcal per dollar is a reasonable energy coefficient for 
farm machinery. 
Berry cind Pels (33) calculated the energy required for an average 
automobile weighing about 1542.5 kg (3400 lbs). They indicated that 
31,968,000 Kcal of energy were necessary to construct the automobile. 
Pimentai et cil. (34) used this value and estimated the energy input per 
pound of agricultural equipment. They assumed 244,555,000 Kcal (an 
equivalent of 13 tons of machinery) for the production of all machinery 
such as tractors, trucks, and miscellaneous. In addition, 6% of the 
total was added for repair. Machinery was assumed to function 10 years. 
Schneeberger and Breimier (35) calculated the energy inputs into 
eux avcioyc / v « jutxa xxyuxc eux xixpuu 
2,184,354 Kcal/hectare for machinery. Pimentai et al. (34) also pre­
sented a table of the energy inputs into agriculture, and they 
assumed 1,037,820 Kcal/hectare for the energy equivalent of farm 
machinery. 
Different types of land operations require different amounts of 
energy. Four different tillage methods were ccmpared in the study by 
Clark and Johnson (32). Their results indicated that conventional 
methods required 637,456.47 Kcal per hectare, including manufacturing, 
fuel, and tires for sorghum-tillage systems. The amounts of energy 
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consumed for modified till-plant, till-plant, and no-till (fluted 
coulter) were 539,575, 295,442 and 249,139 Kcal per hectare, respec­
tively . 
3. Field operation and fuel consumption 
The U.S. acreage of harvested crops has fluctuated from a high 
of about 153.38 million hectares in the drought and depression years 
of the 1930s to a low of about 141.4 million hectares in the crop 
surplus years of the 1960s (5) . Mechanized agriculture is required 
to maintain maximum productivity, and to have an advanced and 
mechanized agriculture there must be enough fuel to supply the farm 
sector. 
Wittmuss et al. (36) reported 261 million barrels of oil-equivalent 
a year were consumed, 31% for row crop production and 69% for noncrop 
production. Nelson et al. (5) estimated that the amount of energy used 
on field operations, such as tillage, planting, and harvesting, was 
66.4 X 10^2 Kcal in 1974. On a national level, u.s. farmers used about 
30.28 million cubic meters of fuel to run their tractors (37). This 
consumption represents about 151.4 liters of gasoline for every American. 
According to Fox (29) , the average American consumes about 3,000 Kcal 
daily which, adds up to an annual consultation of 11 million Kcal. Assum­
ing a liter of gasoline contains an energy equivalent of about 8.65 x 
10^ Kcal, the average person would eat the heat equivalent of a little 
less than 128.7 liters of gasoline per year. Fox concluded that tractors 
burned up more energy than is contained in the food consumed in the u.s. 
Nelson et al. (5) disagreed with these findings and indicated that u.s. 
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tractors consumed only 142 x 10^2 Kcal of petroleum energy, and that the 
food consumed by the U.S. population alone contained 258 x 10^2 Kcal of 
food energy. It is not the purpose of this paper to dwell at great 
length on this disagreement, but rather to note from an energy stand­
point the different ideas. 
The results of a survey by Skaw (38) indicated that 99.8% of the 
estimated 136,000 farms in Iowa used gasoline in 1975, with a total 
consunction of 1.42 million cubic meters. The largest usage of gasoline 
was for crop production (37%)• Diesel fuel usage accounted for 0.56 
million cubic meters, including 89% for crop production. 
The energy necessary to raise a crop can generally be divided into 
tillage energy, cultivation and pest control energy, and harvesting 
energy. The energy expended in farm operations is influenced by field 
efficiency. Field efficiency is affected by field patterns, turning 
times, and many other factors (such as size of land, machinery, and speed 
of operation). The energy input also depends upon the crop, soil, and 
• ' ' L. a jy .A. • 
Tillage has been defined as those mechanical, soil-stirring actions 
carried on for the purpose of nurturing crops. The goal of proper 
tillage is to provide a suitable environment for seed germination, root 
growth, weed control, soil-erosion control, and moisture control (avoid­
ing moisture excesses and reducing the stress of moisture shortages). 
Tillage operations require a significant airount of energy. Interest 
has been shown in comparing the efficiency of different tillage opera­
tions such as conventional, minimum tillage, conservation and mulch 
tillage. The USDA Office of Planning and Evaluation (10) indicated 
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the amount of cropland area in no-till will increase from 2% in 1974 to 
46% in the year 2000, and other forms of reduced tillage are expected 
to increase from 8% in 1974 to 36% in 2000. As a consequence the planted 
cropland area managed by conventional tillage is expected to decrease 
from the 90% reported in 1974 to 18% in the year 2000. Reduction in 
conventional tillage is true also in Iowa. 
Skaw's survey, conducted by the Energy Policy Council and the Iowa 
Department of Agriculture (38), indicated Iowa farmers have changed their 
tillage practices since 1970. Although 90% of Iowa farmers used mold-
board plowing in 1975, 36% indicated they were doing less moldboard 
plowing new than in 1970. Saving time and the reduction of erosion were 
the main reasons for the change; only 9% mentioned that saving fuel was 
a factor in reducing the amount of moldboard plowing. Chisel plowing 
was not used by 65% of the Iowa farmers in 1975, but 26% revealed that 
they were doing more chisel plowing them in 1970, again to conserve time 
and reduce erosion. 
Several research studies have been reported on the energy require­
ments of different tillage practices. Clark and Johnson (32) compared 
the energy inputs for tillage practices and indicated that the convene 
tional method consumed the highest amount (6.8 million Kcal/hectare) 
compared to till-plant which consumed the lowest amount (0.37 million 
Kcal/hectare). Heichel (17) compared energy budget for conventional 
tillage versus minimum tillage for producing 8,278 kg/h (100 bushel/a) 
of corn crop. Use of minimum tillage resulted in a saving of almost 
425,010 Kcal per hectare as compared to conventional tillage. 
19 
Under some conditions, one or more of the usual operations in con­
ventional tillage nay be eliminated with no decrease in yield. There 
are also other ways that fuel consumption for field operations can be 
reduced without affecting production. V.'hen a larger tractor is used for 
light drawbar loads, significant fuel savings can be achieved by shifting 
to a higher gear and reducing engine speed. Even greater fuel savings 
are obtainable if, instead of shifting up and throttling back a big 
tractor, a smaller tractor that is closely matched to the load was used 
for light drawbar loads. These methods of fuel conservation are par­
ticularly appropriate for shallow plowing and no-till systems (12). 
With the pressure of limited energy and higher costs, accompanied by 
increased demands for food and fiber, minimum tillage and no-till systems 
can help reduce fuel energy requirements and related expenses. These 
systems were not originally planned for energy conservation, but rather 
for conserving soil and water resources and improving production effi­
ciency. At Bushland, Texas, stubble-mulch tillage of dryland wheat 
residue using subtill sweeps stored 3.8 cm more soil water during 15 
months of fallow and produced 13% greater yield than one-way disk 
tillage (39). At Archer, Wyoming, energy requirements were compared 
for bare fallow versus stubble-mulch tillage. Both tillage treatments, 
using wheat, required about the same energy (40). 
Stubble-mulch tillage reduced soil loss from wind erosion in 
western Nebraska (41). Soil loss averages for eight years were 2.02, 
3.14, and 6.50 tons per hectare, respectively, for sweep, one-way, and 
moldboard treatments on a wheat-fallow rotation. The initial moldboard 
tillage required about 50% more energy than the sweep or one-way method. 
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There has been a general trend to less intensive primary tillage 
during the past 10 years. Chisel-plow and chisel-disk systems have 
replaced some moldboard plowing in an effort to reduce the time and 
cost of primary tillage (4 2). Energy requirements are directly pro­
portional to the amount of tillage. Under some special conditions, 
the elimination of or combination of tillage operations may reduce 
the energy input without affecting the crop production. 
4. Fertilizer 
Agricultural production in the United States consumed 42.5 million 
tons of fertilizer in 1975, including 8.6 million tons of nitrogen 
fertilizer. Consumption of fertilizers has increased during the past 
20 years and has almost doubled since 19 50. In addition to nitrogen, 
phosphorus and potassium have been used in increasing rates. In 1975, 
4.5 million tons of phosphoric oxide and 4.4 million tons of 
potash (K2O) were used (43). 
Preliminaury data developed by the Economic Research Service, USDA 
(15) , indicated fertilizers consumed about 35% of the total energy input 
in the crop production in the U.S. in 1974. The percentage of ferti­
lizer contribution in total energy consumption in crop production varied 
between 32-35% due to different assumptions made for the calculations. 
Nitrogen fertilizers are the most widely used and required 85% of 
the total energy used to produce all fertilizers (5). About 90% of the 
energy used in nitrogen fertilizer manufacture comes from natural gas. 
Natural gas is converted to hydrogen gas for making amronia, which is 
then used as a fertilizer, either directly or after conversion into other 
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nitrogen compounds (10). Chemical fertilizers are either mined or manu­
factured, and this requires energy. 
White (44) reported that the U.S. consumed less than 1% of the 
natural gas directly in agricultural production and less than 2% in 
fertilizer production. On the average, 5.5 million Kcal are used to 
produce 1 ton of fertilizer; 1.5 cubic meters of natural gas are 
required to produce 1 kilogram of nitrogen fertilizer (45). 
The use of fertilizers , particularly nitrogen, permits yields of 
crop quemtities from 1 hectare that might otherwise require several 
hectares to produce if the amounts of fertilizers were limited (46). 
Taylor et al. (47) estimated that reduction of nitrogen fertilizer to 
56 kg/hectare would require an additional 7.27 million hectares of 
cropland to maintain production levels presently obtained without 
limitations on fertilizer use. Fertilizers not only increase the 
quantities of crop production, but also increase the qualities of 
food produced. In addition to energy costs of nitrogen fertilizers, 
phosphorus and pctassiurr. require snergi' as veil. However,- the produc­
tion of nitrogen fertilizer requires several times as much energy per 
unit of plant nutrient than does the production of phosphoric oxide 
(P2O5) , the next most energy-intensive primary nutrient (46). It 
requires 2.38 million Kcal to produce 1 ton of P20s-phosphate. 
About 85% of this energy is for the production of the sulfuric acid 
used in the process (7). 
The nutrient requirements of crops vary because of the ability of 
some crops (legumes) to obtain their nitrogen from the air. it has 
been estimated that investment of 1 unit of the energy from nitrogen 
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applied to corn could result in a net return of 6 units of energy 
(10) . 
World consumption of fertilizers is expected to increase due to 
increases in the need for food. Total energy use for food production 
must be focused on energy use for fertilizer production since it has 
high energy requirements. The use of alternative sources of fertilizers, 
such as organic wastes Cleaves) and manure, and the planting of legumes 
which need not be fertilized may be good ways to conserve energy. 
Organic wastes, such as leaves and lawn clippings, are good sources 
of fertilizer which are added to soil by their decomposition. Non-
chemical fertilizers, such as animal waste and sewage effluent in the 
form of sludge, may be used alone or as a supplement to chemical 
fertilizers. According to Heichel (17) , by substituting manure for 
commercial fertilizer, the reduction in the amount of energy by the 
elimination of these fertilizers would be 3.20 million Kcal per hectare. 
This is equal to about 150 liters of gasoline. In his analysis, the 
energy for manure application is also considered= He calculated that 
17.3 X 10^ hectares of corn, or nearly all the land now devoted to com, 
could be fertilized by einimal manures using an application rate of 37 
tons/hectare to supply the nitrogen needs of corn. Using animal manures 
to fertilize crops would eventually reduce the energy input of the 
system, but the cost of applying manure from a feed-lot located far 
from the farm and the increased energy in the form of human labor to 
load and spread the manure would greatly increase tne energy input. 
The substitution of manures for fertilizers would be energy efficient 
at distances of 1 mile or less. 
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Another way of decreasing the energy cost of fertilizer application 
is the plcinting of leguminous crops. Legumes do not need to be ferti­
lized with nitrogen fertilizer. However, legumes frequently require 
greater quantities of p, K, and Ca than do nonlegumes. A practical 
example of substitution of a leguminous crop for £• r.oiileguminous crop 
is the use of soybean for corn or cotton (10). 
5. He déicide and pesticide 
Most modern pesticides are derived from petrochemicals. The demand 
on energy resources is related primarily to the oil from which they are 
made and the energy input into the manufacturing process. The transport 
of a pesticide contributes to the total energy cost of a pesticide input. 
Road transport within the country of origin is usually less than 10% of 
the energy equivalent per Kilogram of herbicide (19). Shipment by sea, 
intrinsically cheaper but generally associated with longer distances, 
would likewise fall in the range of about 10% increase in the energy cost. 
Pesticides used in crop protection are applied by a variety of 
methods, most of which entail the use of a tractor and sprayer. Fuel 
requirements vary greatly according to materials, equipment, and tech­
niques used. 
As a broad generalization, insecticides and herbicides are used in 
agriculture primarily to protect the crop, thereby safeguarding yield 
and quality. Therefore, the energy input can be compared with the energy 
content of the increment of yield attributable to the insecticide or 
herbicide used. Although herbicides were introduced as substitutes for 
hoeing, their use is now being extended to facilitate major developments 
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for the entire system of crop cultivation. Again, these developments were 
not stimulated by energy economics. They arose from a host of agronomic 
considerations, including soil conservation. Now, however, energy con­
sumption is becoming much more important, even if the emphasis is largely 
on cost of the energy rather than on conservation of resources. 
Nalewaja (19) reported that weed control practices have a very 
favorable energy input-output ratio because of the large increase in 
crop yields obtained from, controlling weeds compared to the ratio for 
other agricultural operations. Use of herbicides has greatly increased 
the energy cost in small grain production. Assuming that plowing and 
seedbed preparation are not involved in weed control, very little help 
was available to control weeds in small grains before the advent of 
herbicides. Weeds can be controlled effectively and economically by 
either mechanical cultivation, herbicides, or a combination of both (38). 
Using herbicides as a weed controller requires more energy than mechani­
cal cultivation (35). The use of post-emergence herbicides under certain 
conditions contributes tc a reduction of the total quantity of herbicides 
used. 
According to Nalewaja (19) , the return in com energy for the 
various types of weed control practices was 48 or more times for each 
Kilocalorie of input energy. All weed control practices were efficient 
users of energy, based upon the return for energy input. Cultivation 
was the least efficient consumer, with 48.6 Kcal for each Kilocalorie 
input. Efficiency was increased to 54.2 Kcal per Kilocalorie input 
when weeds in the row were controlled with 3.36 kg/h of atrazine. When 
weeds were controlled in the row by hand labor, 57.2 Kcal were returned 
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per Kilocalorie of input. Considering other factors, such as time and 
labor costs, herbicides appear to be the most efficient method of weed 
control. Further replacement of mechanical cultivation by herbicides 
is to be expected in the future. Other weed control methods available 
to the farmer are tillage, cultivation, and crop rotation. Tillage 
between crops or cultivation in crops has been a very reliable method 
of controlling both perennial and annual weeds. Intensive cultivation 
two weeks after weed emergence has been the traditional method of 
controlling perennial, deep-rooted, broadleaf weeds. This intensive 
tillage process was more effective than tillage at weed emergence. 
Rotating crops is also an economical and effective method of weed 
control available to fanners. 
6. Labor 
The contribution of energy from labor in crop production is small. 
Man as a power unit is very ineffective and inefficient. He is limited 
to about 0.1 hp of continuous output (48) and consumes about 5 to 10 
times as much energy as he can generate (49). Pimentai et al. (34) 
indicated that increasing some labor inputs can significantly reduce 
some energy inputs. They estimated one application of herbicide to 
corn required about 44,480 Kcal per hectare if applied by tractor and 
sprayer, but less than 740 Kcal if applied by hand sprayer. 
A farm laborer consumes about 21,770 Kcal per week when working a 
40 hour week (34). There are some other values related to labor-energy 
requirements and the energy equivalent of human labor is estimated on 
the basis of food energy consumed. Fluck (50) indicated that U.S. farm 
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laborers consumed much more energy than that represented by the food 
they eat. Additional energy is required to provide clothing, shelter, 
transportation, and education. He indicated that using only the food 
energy consumed by laborers as the total labor energy input implied an 
extremely low standaird of living for the farm laborer. In 1972 the 
average U.S. per capita energy consun^tion was 87 x 10^ Kcal, about 72 
times the energy in the average per capita food consumption (50). 
The energy input factor differed slightly from the cost input factor 
in crop production (32). Shifting to more labor to gain energy and 
having better energy efficiency will increase the cost. Which is the 
more important, dollar cost or energy gain, is dependent on the future 
and new sources of energy. 
7. Miscellaneous 
According to preliminary data developed by the Economic Research 
Service, USDA (15), less than 60% of the energy consumed for crop pro­
duction in 1974 was used by fertilizer, harvesting, cultivation, and 
pesticide pre-plant operations. The other 40% was used for crop drying, 
irrigation, frost protection, and transportation. 
Irrigation consumed 15.5% of the total energy used in crop produc­
tion in the U.S. (15). The percentage of energy consumption for irriga­
tion varied due to the assumptions made in the calculations (7). 
Hydroelectric power accounted for only a small fraction of the total 
U.S. energy consumption. It was 3.8% of consumption in 1970. 
The difference between dry land and irrigated farm land in an energy 
analysis makes a big difference in the energy efficiency of a crop 
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production system. Crop production in dry regions with water supplied 
by pumping is an energy-intensive process (51). In humid regions with 
enough rainfall during the growing season, this energy is a gain and 
it is free as is solar energy. Therefore, any shortage in energy 
supply will have greater impact on the irrigated lands in the west and 
southwest than on rain-watered lands in the midwest and east (10) . 
Crop drying, another major single input of energy, consumed 23.3 x 
10^2 Kcal in 1974, 6.5% of the total cultural energy input. On-farm 
drying of feed grains (chiefly corn) with LP gas accounted for 94% of 
this total (5). There are many suggestions for reduction of energy 
used for crop drying by the use of solar energy. The Council for Agri­
cultural Science and Technology (10) reported that solar energy has 
traditionally been used on farms to dry native crops in the field. 
Since the mid-19 50s, heated-air drying of shelled corn has steadily 
replaced natural-air drying of ear corn (5). Now, more than 70% of all 
corn is shelled in the field with combines and picker-shellers and then 
dried. This method is rapid and lowers field losses, but requires 
higher energy. 
In summary, the U.S. presently uses one-third of the world's energy. 
Conservation can be practiced in all sectors of the economy without 
detrimental effects on the level of productivity. There is no excuse 
for any sector not to conserve energy. The bulk of the responsibility 
lies with those having knowledge in this area of study. The public 
should be constantly informed of new developments in energy conserva­
tion and constant experimentation should be encouraged toward optimal 
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energy usage. New methods that do not lower the productivity levels 
of the present system should be adopted. 
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III. MATERIALS AND METHODS 
Three different research centers in Iowa were selected for rotation-
fertilizer data. The location of each research center is marked on the 
Iowa map in Figure 1. Because each rotation-fertilizer experiment has 
different characteristics, they will be discussed separately. 
A. Clarion-Webster Rotation-Fertilizer Experiment 
A part of the Clarion-Webster Research Center in Kanawha in northern 
Iowa was selected for a rotation-fertilizer experiment in 1954 on a 
Webster silty clay loam and Canisteo silty clay loam (formerly Webster 
silty clay loam, calcareous variant) and a small inclusion of an area 
with some characteristics of Okoboji silty clay loam (Figure 2). Webster 
and Camisteo soils are Typic Haplaquolls and Okoboji (formerly Glencoe) 
is a Cumulic Haplaquoll. 
Since 1954, when the rotation experiment started, a few changes 
have been made in the rate of fertilization and in rotation. The 
rotations since 1962 have been as foixows: 
1. Continuous com 
2. Com, com, com, oats 
3. Com, soybeans, com, oats (100 cm rows) 
4= Com. soybeans, com, oats (75 cm rows) 
5. Com, com, oats, meadow 
6. Oom, oats, meadow, meadow 
7. Continuous com (nitrogen applied in. fall) 
30 
WINNESHIEK HOWARD UITCHELL WORTH 
ALLAMAKEE 
SIOUX 
FLOYD 
CLAYTON kanaw jrimqhiar 
BUTLER CHEROKEE IBUENAVtSTA 
DUBUQUE DELAWARE BLACK HAWK BUCHANAN WEBSTER 
SAC HARDIN CAIHOUN 
JONES BENTON 
MARSHALL STORY GREENE BOONE 
CLINTON 
SHELBY POLK AUDUBON DALLAS 
scon 
MUSCATINE 
ttcwtlwâfliw MADISON CASS 
HENRY lucas UNION 
VAN eUREN DAVtS oecatur wayne 
sfield 
pke 
weacori 
Figure 1. Map of Iowa showing locations of three 
research centers used in this study 
W 1/2 of SW 1/4 Section 34 T 94N R25W 
r-'- sj 
S 
im 
o W-G o 
CODE Ca = Canisteo silty clay loam 
W = Webster silty clay loam 
fi = Nicollet loam 
G = Okoboji silty clay loam 
Plot Boundary 
Soil Types 
Existing Tile Lines 
Calcareous Soil 
N 
0 30 60 90 
SCALE 1 Inch = 96 METERS 
Figure 2. Soil map of rotation-fertilizer experiment at  Clarion-Webster Research Center 
32 
All corn and soybeans were planted in 100-cm rows, except rotation No. 4 
which was planted in 75-cm rows. Nitrogen was applied in rotation No. 
1 in the spring and rotation No. 7 in the fall. 
The experiment was designed in four blocks, 85.34m x 46.77m. Each 
block contained two replications of 48.77m x 42.67m. Each replication 
was divided into seven units of 48.77m x 6.1m, called "unit experiments." 
The seven rotations were randomized within seven unit experiments. Each 
main plot was subdivided into four areas of 6.1m x 12.19m. Different 
levels of nitrogen fertilizer were randomized to each of these 6.1m x 
12.19m plots. The amount of nitrogen fertilizer applied to com was 0, 
33.63, 67.26, and 134.53 Kg per hectare. In 1971, the 33.63 Kg per 
hectare rate was changed to 201.8 Kg per hectare. The design of the 
field experiment is shown in Figure 3. 
To insure that phosphorus and potassium amounts were adequate for 
maximum crop yields, a uniform application of 448.4 Kg per hectare of 
0-20-20 fertilizer was applied at the time the experiment was started. 
An annual application rate of fertilizer sufficient tc maintain soil 
test P and K rates at a high level has been used. The actual quantités 
applied are listed in Appendix A. 
Com was planted to achieve 39,500 plants per hectare, and soybeans 
were planted at a rate of 56 to 57.25 Kg per hectare. The meadow seeding 
rate was a mixture of 6.73 Kg alfalfa, 5.6 Kg Timothy, and 3.36 Kg Red 
Clover per hectare. For meadow catch crop the seeding rate was a mixture 
of 3.36 Kg alfalfa, 3.36 Kg Red Clover, 3.35 Kg Sweet Clover, and 0.56 
Kg Ladino per hectare. Oats were planted at a rate of 71.73 to 107.6 Kg 
per hectare. 
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As records of the experiment show, the cultivation system used was 
"conventional tillage." It is known that the number of operations per­
formed in conventional tillage varies by crop and area. The proper 
operations are listed in Table 1, which includes all operations done by 
mechanical equipment (tillage, planting, and harvesting). 
Table 1. Type of farm equipment used for different crops 
Operation Corn Soybeans Oats Meadow Sorghum 
Rotary stalk chopper x^ X X X X 
Disk X X X X X 
Moldboard plow X X X 
Spike-tooth X X X X 
Field cultivator X X X 
Rowplanter + Fertilizer X X X 
Grain drill X X 
Rotary hoe X X X 
Row crop cultivator X X X 
Herbicide, Pesticide appl. X X X X X 
Mower plus conditioner X 
Hay rake X 
Baler X 
Combine X X X 
Com picker X 
Corn head silage xx^ 
Mai'iure spreader 
Manure loader XX 
^Operations used in all rotation-fertilizer research centers. 
^Equipment used only at the Shelby-Grundy Research center. 
B. Galva-Primghar Rotation-Fertilizer Experiment 
The Galva-Primghar rotation-fertilizer experiment was started in 
1957 on Galva silt loam, a Typic Kapludoll in northwestern Iowa (Figure 
4) . The rotation-fertilizer experiment consisted of six different 
rotations. They were as follows; 
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Figure 4. Soil map of rotiation-fertilizer experiment at Galva-Primghar Research Center 
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1. Continuous com (for grëdn) 
2. Com, soybean, com, soybean 
3. Com, com, oats, meadow 
4. Sorghum, corn, oats, meadow 
5. Corn, oats, meadow, meadow 
6. Continuous corn [for silage) 
Ihe rotation-fertilizer experiment was designed in four blocks of 
73.15m X 48.76m. Each block contained two replications of 48.77m x 
36.57m. Each replication was then divided into six units (48.77m x 
6.1m), called "unit experiments." The six rotations were randomized 
within six unit experiments (Figure 5). 
Com cuid sorghum crops in rotation were treated with four different 
amounts of nitrogen fertilizer. The different amounts of nitrogen 
fertilizer applied were as follows: 0, 22.42, 44.84, and 89.68 Kg per 
hectare on all first year corn following a meadow, and on sorghum, and 
0, 44.84, 89.68, and 134.52 Kg per hectare for all other com. No 
nitrogen fertilizer was applied tc soybeans, oats, or rr.eadcv but the 
residual effect of nitrogen applied on the preceding com or sorghum 
crop was measured. 
The amount of phosphorus applied to oats and meadow was equivalent 
to 22.42 Kg of 52*^5 a^^ually times the length of oats or meadow stand. 
For example, in rotation No. 5, meadow received 44.84 Kg of ?205 in hill 
or row, and also 44.84 Kg of P2O5 broadcast to all crops in Phase A. 
Records of the rotation-fertilizer experiment showed that the amount 
of phosphorus and potash applied to the crop was changed a few times 
as a result of the P and K test results during the experimental period. 
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In 1974, rotation No. 6 (continuous corn for silage) was specialized for 
another experiment and, therefore, different amounts of K2O were applied 
to continuous com. They were 0, 67.26, 134.52, and 201.78 Kg of KgO per 
hectare per year on block (Phase) D, A, B, and C, respectively. 
According to the records of the rotation-fertilizer experiement, the 
planting rates were as follows. Com was planted to achieve 39,500 
plants per hectare. Oats were planted at 107.6 Kg per hectare, and 
soybeans were planted at rates of 56.05 to 67.26 Kg of inoculated seed 
per hectare. The seeding rate for meadow was a mixture of 8.97 Kg alfalfa 
and 4.48 Kg brome per hectare. Sorghum was planted at rates that varied 
from 4.48 to 6.73 Kg per hectare. 
The "conventional tillage" system was used for which the tillage, 
planting, and harvesting operations are listed in Table 1, page 34. 
C. Shelby-Grundy Rotation-Fertilizer Experiment 
This rotation-fertility experiment is located on the SheIby-Grundy 
research center in Ringgold County in southern Iov.'a. The soil, Grundy 
silty clay loam, is an Aquic Argiudoll. 
The rotation-fertility experiment consisted of the following seven 
different rotations which have been unchanged since 1970; 
la. Continuous com 
lb. Continuous com 
2. Com, com, soybean 
3. Com, oats, meadow, sseadow 
4. Com, com, oats, meadow 
39 
5. Corn, com, oats , meadow, meadow 
6. Corn, soybeans, com, oats, meadow 
The experiment consisted of 46 unit experiments 24.38m x 6.1m. ïhe 
different rotations were randomized within 46 unit experiments so that two 
replications of each crop in each rotation was grown each year. Details 
are shewn in Figure 6. 
Different levels of nitrogen fertilizer added to the com crop were: 
0, 134.52, and 201.78 Kg of nitrogen fertilizer. A manure treatment of 
8.97 tons per hectare per year was also applied to the com plots. Table 
2 shows the type of nitrogen and amount that was applied to com crops in 
different rotations. 
Table 2. Type and amount of fertility addition applied to com for the 
rotation-fertility experiment at the Shelby-Grundy Research 
Center 
Rotation Treatment 
la, 2, 3, 4 1. 0 Kg/h of N 
2. 134.5 Kg/h of N 
3. 8.97 tcn/h of manure 
lb 2. 134.5 Kg/h of N 
4. 201.8 Kg/h of N 
5. 134.5 Kg/h of N plus 8.97 ton/h of manure 
To maintciin phosphorus and potash levels, fertilizer equivalent to 
0, 67.26, and 67.26 was applied to the entire plot area. 
Figure 6. Design of the rotation-fertilizer 
experiment at the Shelby-Grundy 
Research Center 
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iv. energy consumed and produced in crop production 
It was previously mentioned that the sources of energy consumed 
directly or indirectly in agriculture for crop production include 
fertilizer, machinery, fuel, herbicide, seeds, etc. In this section, 
the amount of energy required to be invested in a hectare of crop 
will be determined. To accomplish this, the first step is to calculate 
the amounts of fertilizer, machinery, fuel, herbicide, seeds, etc. 
th.at are used in crop production, and the second step is to find the 
energy equivalents of the variables involved. Each source will be 
discussed separately. 
A. Fertilizer Energy Equivalent 
During 1965-1976, different amounts of fertilizer were applied to 
the crop each year. Applications of potassium and/or phosphorus 
varied according to the soil test recommendations. The actual 
amounts of P2O5 and K2O applied to crops in the Galva-Primghar and 
Clarion-Webster rotation-fertilizer experimental farms are listed in 
J^pendix A. Nitrogen fertilizer was applied to the appropriate plot 
according to the design of the plans. 
Because the amounts of P2O5 and K2O applied to the crops were 
different each year, an appropriate value for P2O5 and K2O for 
different experiments was assumed on the basis of its average over 
12 years. The average amounts of fertilizer assumed for each, crop 
are reported in Table 3. 
Table 3. Average amounts of P2O5 and K2O assumed for three different rotation-fertilizer 
reoearcli centers 
Galva-Primghar 
Clarion-Webster 
Grundy-SheIby 
Corn 
p2o5 kgo 
(Kg/h) 
78.47 11.21 
67.26 56.05 
67.26 67.26 
Soybean 
'^05 kgo 
(Kg/h) 
78.47 11.21 
56.05 44.84 
67.26 67.26 
Oats Meadow 
p2o5 ic2o p2o5 k2o 
(Kg/h) (Kg/h) 
67.26 11.21 
50.45 38.53 
67.26 67.26 
67.26 
28 .02  28 .02  
67.26 67.26 
Sorghum 
pgo; k^o 
(Kg/h) 
67.26 
No crop 
No crop 
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The second step was to calculate the energy equivalent of the 
fertilizer. Energy requirements for fertilizer manufacture were taken 
from data provided by various sources (Pimentai et al., 34; Lougheed 
et al., 52, Cervinka et al., 53} . Energy requireirients per unit cf 
fertilizer production, summarized in Appendix S, were calculated by 
using the appropriate conversion factor and multiplying by the amount 
of fertilizer used. The energy equivalent of fertilizer consumed in 
crop production can be calculated by assuming that each Kilogram of 
nitrogen fertilizer, P2O5, and K2O requires 16,260, 3,683, and 1,733 
Kcals, respectively. For example, it is assumed that if 67.26 Kg/h of 
P2O5 were applied, then the energy equivalent of 67.26 Kg/n P2O5 would 
be equal to 247,732.6 Kcal/h (67.26 Kg/h x 3,683 Kcal/Kg = 247,732.6). 
B. Machinery and Fuel Energy Equivalent 
Different crops require different soil preparation techniques. 
Consequently, machinery requirements vary for tillage, planting, and 
harvesting. To learn what type cf fanr. machinery was involved in each 
crop production, information was obtained in an interview with the 
manager on each rotation experimental farm. This information was 
summarized in Table 1 (p. 34) which shows type of farm equipment used in 
the three rotation-fertilizer e:)^riments aind also indicates what 
particular operation was used for each crop. 
Developing a method for determining the energy inputs for manufac­
ture and distribution of farm machinery and their fuel requirements per 
hectare appears to be more complicated. Very little work has been 
reported with regard to energy equivalents of farm equipment. Therefore, 
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a table was developed by the author which lists different types of farm 
machinery and their energy equivalents. This table appears in Appendix 
C. 
Based on Table 1 and Appendix C, Table 4 is a surmari' cf the ar.erg;^' 
equivalents (Kcal/h) for fana operations in the rotation-fertilizer 
experiments at the three experimental sites. Energy inputs for manu­
facture and distribution of farm machinery and their fuel consumption 
vary for each crop and ranged from 546,909 Kcal/h for oats to 1,083,986 
Kcal/h for soybeans. 
Table 4. Energy equivalent (Kcal/h) for farm operations in rotation-
fertilizer experiments^ 
Operation Com Soybeans Oats Meadow Sorghum 
Rotary stalk chopper 70,297 70,297 70,297 70,297 70,297 
Disk 90,456 90,456 90,456 90,456 90,456 
Moldboard plow 257,194 257,194 257,194 
Spike-tooth 57,648 57,648 57,648 57,648 57,648 
Field cultivator 106,574 106,574 106,574 
Rcwplanter + fert. 83,003 83,003 83,003 
Grain drill or broadcast 64,382 64,382 
Rotary hoe 89,025 89,025 89,025 
Row crop cultivator 65,662 65,662 65,662 
** — . ^ ^ ^ A. J — 2^ 582 m coo on coo ^ f 
Mower plus conditioner 95,655 
Hay rake 64,664 
Baler 85,314 
Combine 242,543 242 .543 242,543 
Com picker 210,035 
Oam head silage 189,162b 
Manure spreader 165,787= 
Manure loader 226,922= 
Total 1 ,051,477 1,083,986 546,909 549,998 1,083,984 
^or more details, see Appendix C. 
^Used only on rotation No. 5 at Galva-Primghar Research Center. 
^ot included in total amount of energy equivalent for farm machinery 
but considered wrien manure was applied on fertilizer at Grundy-Shelby site. 
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C. Herbicide and Pesticide Energy Equivalent 
The records on the pesticides and herbicides used at the Galva-
Primghcir site were more complete than at the other two sites considered 
in this study. Therefore, using the records from the Galva-Primghar 
site and making minor adjustments as current recommendations indicate, 
the estimated average values for pesticide and herbicide consultation 
are given in Table 5. A detailed year-by-year record of actual appli­
cations used at the Galva-Primghar Research Center is in Jtopendix D. 
Table 5. Average amounts of herbicides and pesticides applied to 
different crops in rotation at Gailva-Primghar Research 
Center, 1965-19 76 
Rotation Cropping system 
1 Com Com Com Com (grain) 
2 Soybeans Com Soybeans Com 
3 Com Oats Meadow Com 
4 Com Oats Meadow Sorghum 
5 Oats Meadow Meadow Com 
6 Com Com Com Com (silage) 
Average amount applied (Kg,/h) 
1 5.60 5.60 5.60 5.60 
2 3.36 3.92 3.36 3.82 
3 3.92 1.12 1.34 3.59 
4 2.47 1.12 1.34 3.92 
5 1.12 1.34 1.34 3.92 
6 5.00 5.00 5.00 5.00 
Using the information in Table 5 and making some assuitrotions, the 
following conclusions were made regarding the three different research 
centers considered in this study during 1965-1976: 
1. Continuous com for grain consumed an average of 5.6 Kg/h of 
herbicide and pesticide over a 12-year period (rotation No. 1). 
2. Continuous com for silage consumed 5 Kg/h herbicide and 
pesticide (rotation No. 6). 
3. Com in rotation with soybean consumed 3.92 Kg/'h herbicide 
and pesticide (rotation No. 2). 
4. Com following com in rotation with oats and meadow con­
sumed 3.92 Kg/h of herbicide and pesticide (rotations No. 
3 and 5) . 
5. Corn following meadow in rotation with oats and meadow 
consumed 3.59 Kg/h of herbicide and pesticide (rotation 
No. 3}. 
6. Com following sorghum in rotation with oats and meadow 
consumed 2.47 Kg/h of herbicide and pesticide (rotation 
No. 4) . 
7. Soybeans following com consumed 3.36 Kg/h of herbicide 
cind pesticide (rotation No. 2) . 
8. Oats in rotation with com and meadow consumed 1.12 Kg/h 
of herbicide and pesticide (rotations No. 3, 4, and 5) . 
9. Meadow in rotation with corn and meadow consumed 3.92 Kg/h 
of herbicide and pesticide (rotations No. 3, 4, and 5) . 
10. Sorghum in rotation with com, oats, and meadow consumed 
3.92 Kg/li of herbicide and pesticide (rotation No. 4). 
Appendix E contains a summary of estimates of energy requirements 
for prodacinQ herbicides and pesticides or for producing various specific 
products. Pimentai et al. (34) reported an overall figure of about 
24,000 Kcal/Kg for herbicides and pesticides. However, Atrazine, one 
of the more widely used herbicides, was reported to require 45,610 Kcal/ 
Kg (54). The higher average figure of 34,320 Kcal per Kg was believed 
to be more nearly realistic than the 24,000 Kcal per Kg overall estimate. 
Therefore, the calculations made in this study were based on the higher 
average figure of 34,320 Kcal per Kg for energy requirements in produc­
tion of herbicides and pesticides. 
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D. Labor Energy Equivalent 
The number of hours of human labor needed to grow and harvest a crop 
differs in regard to the size, shape and type of crop, and characteristics 
of farm machinery. Estimated man-hours of labor consumed in crop produc­
tion were obtained from the average of the number of hours reported by the 
US DA in 1976 (55) . Table 6 presents a summary of average man-hours of 
labor used per hectare for different crops in the U.S. during 1965-1975. 
Table 6. Average man-hours of labor assumed per hectare for selected 
crops in the United States, 1965-1969 and 1971-1975& 
Crop 1965-1969 1971-1975 Average hours per hectare 
Corn (grain) 14.33 12.60 13.46 
Sorghum 10.38 8.89 9.63^ 
Soybean 11.86 10.87 11.36 
Meadow 10.52 8.40 9.46 
Oats (grain) 7.16 7.16 7.16 
Statistics reported in 1976 by US DA (55) . 
^Because tillage and planting were the same as for com, the USDA 
reported value was adjusted to 12.26 hr/h for sorghum in this study. 
methods ran be used to convert man-hours of labor used for 
crop production to Kilocalories per hectare (50) . One method is to con­
vert hours of labor to Kilocalories on the basis of the food a person 
consumes. Using this method, between 3,000-4,500 Kcal per day would be 
required by human labor. Another method would be to convert the labor 
hours to Kilocalories on the basis of the energy per capita consultation 
in the U.S. for farmers (50). On this basis^ the energy required for 
human labor would be much greater than the value obtained by the first 
method. The estimated value based on food alone is very low. A farmer 
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has additional needs, such as clothing, shelter, and transportation, and 
these factors should be considered in the energy required for human labor. 
However, the estimated value on the basis of the energy per capita con­
sumption is very high for use in this study because only energy required 
for crop production was considered. For these reasons an average value 
was derived for use in the energy input-output analysis. Values reported 
in the literature were: 107,686 Kcal/hr, Pluck (50); 2,500 Kcal/hr, Cook 
et al. (56); and 544 Kcal/hr, Pimentai et al. (34). A derived average 
value of 36,910 Kcal/hr was used in this study. 
E. Seed Energy Equivalent 
The amount of seed planted for different crops is listed in Table 7. 
There was only a small difference between the amounts of meadow seeds 
planted in each location, but the difference was adjusted and the amount 
applied was assumed as 15.69 Kg/h for a mixture of different forage crops. 
To convert the amount of seed used to its energy equivalent (Kilo-
calories) , the values in Table 8 were used. Table 8 shows the energy 
required or contained in different seeds per unit weight. 
Table 7. Amount of seed planted for different crops at three research 
centers 
Crop Amount of seed planted 
Com 24.5 Kg/h to achieve 35,900 plants per hectare 
Oats 107.6 Kg/h (almost 3 bushels per acre) 
Soybeans 62.27 Kg/h 
Meadow 15.69 Kg/h (Timothy 5.6 Kg, alfalfa 6.72 Kg, and Red Clover 
3.36 K g )  
Sorghum 6.72 Kg/h 
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Table 8. Estimated energy required for different seed for planting 
Crop Kcal/Kg 
com^ 7,040 
Soybeans^ 7,040 
oatsc 3,520 
Sorghum^ 3,520 
meadow*^ 3,520 
Cimentai et al. c34) indicated that because of the efforts eitployed 
in producing hybrid seed com, the value estimated by Morrison (57) , 3,520 
Kcal/Kg, was doubled. 
^Heichel (17) used 3,520 Kcal/Kg factor for soybean yield. In this 
analysis, the value was doubled because of processing involved for 
hybridation. 
^att and Merrill (58) 
%eichel (17). 
F. Energy Produced 
"Oie useful parts of the harvested plants, e.g., the grain or dry 
matter products of crops such cis meadow or com silage, were selected 
as c?ie Output energy of the rotation-fertilizer exgerizisr.ts. The weight 
of total dry matter production excluding roots for meadow and com silage 
was provided from the records of the rotation-fertilizer research centers. 
The total yields for com greiin, grain sorghum, soybeans, and oats were 
also obtained from the records of the three research centers. 
Energy obtained from a given system depends on the portion of the 
crop harvested and will be lower in systems in which only the grain is 
removed as compared to systems in which the whole plant is harvested. 
Energy can be calculated on the basis of digestible nutrients; however, 
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in this study the energy calculations are derived from heat of combustion 
of dry matter. 
Energy conversions for com, soybeans, sorghum, and oats are given in 
Table 9. The total energy of com silage and meadow was ccanputed from 
total dry matter production by assuming that the heat of combustion of dry 
matter would be 3.90 x 10^ Kcal/ton for com silage and 3.61 x 10^ Kcal/ 
ton for meadow. Detailed information is presented in Appendix F. 
Table 9. Estimated energy conversion for crop production 
Information Energy equivalent 
Item sources Unit (Kcal) 
Type of input 
Labor Page 49 Hour 36,910 
Seeds Page 50 
Com Kg 7,040 
Soybeans Kg 7,040 
Oats Kg 3,520 
Meadow Kg 3,520 
Sorghum Kg 3,520 
Fertilizer Page 126 
Nitrogen Kg 16,260 
P2O5 Kg 3,683 
K2O Kg 1,733 
Manure KQ 3,333 
Herbicide, pesticide Page 138 Kg 34,320 
Gasoline Page 140 Liter 8,258 
Type of output 
Dry product Page 139 
Com silage Ton, dry matter 3.90 X 106 
Hay (meadow) Ton, dry matter 3.61 X 106 
Crop yield Heichel (17) 
Com Kg 3,520 
Soybeans Kg 3,520 
Oats Kg 3,520 
Sorghum Kg 3,520 
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Summary 
The direct or indirect sources of energy consumed in crop production 
and their energy equivcLLents per unit in Table 9 were used in the energy 
balance analysis for crop production. The total energy equivalent (Kcal/ 
h) for different crops at the Clarion-Webster, Galva-Primghar, and 
Shelby-Grundy Research Centers is presented in Appendix H. 
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V. RESULTS AND DISCUSSION 
Rotations under study will sometimes be referred to by the following 
symbols. 
Rotation System Symbol 
Corn-Corn-Corn (continuous corn for grain) C-C-C-C 
Corn-Soybeans-Corn-Soybeans C-Sb-C-Sb-C 
Corn-Oats-Meadow-Corn C-O-M-C 
Corn-Oats-Me adow-Sorghum C-O-M-S g 
Com-Oats-Meadow-Meadow C-O-M-M 
Continuous corn for silage Cs-Cs-Cs-Cs 
Com-Com-Com-Oats C-C-C-O 
Com or Soybeans 75 cm C^q or SgQ 
Com or Soybeans 100 cm C^q or S^q 
Corn-Com-Corn-Meadow, first year com O-C-C-M 
Corn-Corn-Com-Meadow, second year com C-C-C-M 
Com-Com-Com-Meadow, third year corn C-C-C-M 
If rotation system is considered 
Com-Soybeans-Com-Oats-Meadow C-Sb-C-O-M 
Com-Com-Oats-Meadcw-Meadow C-C-0-M-" 
Corn-Oats-Meadow-Meadow, catch crop C-O-M-Mc 
Energy analysis is usually done by estimating the energy inputs and 
energy outputs of a given system and then e:^ressing these relationships 
in a ratio (17, 34) . Using the ratio of energy outputs to energy inputs 
as the efficiency of a given system may be misleading in that the cause 
of its increase or decrease is not apparent in the rates. An increase in 
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efficiency could be caused by increasing the output or by decreasing the 
input. However, despite these limitations the ratios furnish a con­
venient index and are used to interpret and discuss the results. 
In this section, each experiment will be discussed separately on 
the basis of its energy efficiency with each crop and with the cropping 
rotation system used, and then all three experiments will be compared. 
A. Clarion-Webster Research Center 
1. Energy efficiency of continuous com at different levels of nitrogen 
fertilizer 
In general, the energy efficiency of continuous com in a rotation 
increased, and then decreased, as the amount of nitrogen fertilizer 
increased. The effect of nitrogen fertilizer on the energy efficiency 
of continuous com is summarized in Table 10. 
Table 10. Effect of nitrogen fertilizer on the average amount of energy 
consunption and production on continuous corn at the Clarion-
Webster Research Center 
Amouiit of Amount of energy Average amount of 
nitrogen fertilizer consumed energy produced 
(Kg/h) (Kcal/h/year) (Kcal/h/year) Efficiency 
0 3.13 X 10^ 13.03 X 106 4.16 
33.63 3.68 x 10^ 21.37 x 10- 5.81 
67.26 4.22 x 10^ 24.42 x 10^ 5.78 
134.52 5.32 x 10° 29.36 x 10^ 5.52 
201.78 6.41 x 10^ 30.20 x 10^ 4.71 
According to Table 10, com was an energy efficient crop at differ­
ent levels of nitrogen fertilization. With investment of one Kilocalorie 
from 4 to 6 Kilocalories are produced, depending upon the amount of 
nitrogen fertilizer applied. 
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The energy efficiency of continuous com first increased from 
4.16 Kcal per each Kcal consumed, when no nitrogen was applied, to 
5.78 Kcal per Kcal at the 67.26 Kg/h nitrogen rate, and then decreased 
to 4.71 Kcal per Kcal cons'osied v;hsn 2C1.7S Kg,/h nitrogen fertilizer 
was applied. A decreeise in the energy efficiency of continuous com 
does not mean that the amount of energy produced was decreased. 
According to Table 10, the amount of energy produced was increased 
as the amount of nitrogen fertilizer also was increased. For instance, 
when no nitrogen fertilizer was applied the amount of energy produced 
was equal to 13.03 million Kcal/h/year, which then increased to 21.37, 
24.42, 29.36, and 30.2 million Kcal/h/year when 33.63, 67,26, 134.52, 
and 201.78 Kg/h, respectively, of nitrogen fertilizer were applied 
(Figure 7) . 
The amount of energy gained (difference between energy consumed 
and energy produced) was different at different levels of nitrogen 
fertilizer applied. It increased from 9.9 million Kcal/h when no 
nitrogen fertilizer was applied to 24.04 million Kcal/h with a rate 
of 134.52 Kg/h nitrogen fertilization, and then decreased to 23.79 
million Kcal/h when the amount of nitrogen fertilizer applied was 
201.78 Kg/h (Figure 7). 
In summary, continuous com is an energy efficient crop which 
produces approximately 4 to 6 units of energy for each liiiit of energy 
consumed. Decreasing the amount of energy consumed, by either the 
reduction or elimination of any energy input source such as using a 
legume crop in rotation with com, will eliminate the amount of energy 
required for production of nitrogen fertilizers. 
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Figure 7. Comparison between average amount of energy produced 
and consumed (Kcal/h) on continuous com at different 
levels of nitrogen fertilizer at Clarion-Webster 
Research Center 
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2. Effect of different rotations on energy efficiency of com 
Various comparisons between the com in rotations are of particular 
interest. Certain examples of these comparisons are presented in Table 
11 which shows comparisons based on levels of nitrogen fertilizer applied 
to com. 
Table 11. Effect of different levels of nitrogen fertilizer on the energy 
efficiency of com in rotation at the Clarion-Webster Research 
Center 
teount of nitrogen fertilizer applied to corn only 
(Kq/h) 
Crop rotation 0 33.63 67.26 134.52 201.78 
Continuous com 4.16 5.81 5.78 5.52 4.71 
C-C-C-0 6.55 7.11 6.55 5.85 4.81 
C-Sb-C-0 8.26 8.52 7.40 6.20 5.05 
cgo-Sb-cgq-o 8.08 7.95 7.64 6.29 5.41 
C-C-O-M 9.40 8.91 7.53 6.27 5.17 
C—0 —M—M 11.36 9.85 8.15 6.74 5.24 
A legume in rotation was expected to increase the energy efficiency 
of the com in rotation. This effect was evident from a couparison 
between continuous com at any level of nitrogen fertilizer ar !.d, tzlig 
energy efficiency of com in rotation with soybean and meadow. The 
energy efficiency of continuous com, when no nitrogen fertilizer was 
applied, was 4.16 Kcal/Kcal consumed, which then increased to 8.26, 9.40, 
and 11.36, respectively, for com in rotation with soybeans (C-Sb-C-0) 
and two years of meadow (C-O-M-M) (Figure 8) . The additional energy 
efficiency which com gained from being in rotation with soybeans was 
4.1 Kcal/Kcal consumed and this number increased to 5.24 Kcal/Kcal for 
one year of meadow, and 7.20 for two years of meadow in rotation. The 
additional energy gained for corn in rotation with soybeans would be 
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12.6 million Kcal/h; in rotation with one year of meadow, 16.1 Kcal/h; 
and in rotation with two years of meadow, 22.1 Kcal/h annually. 
The effects of soybeans or other legumes, such as the meadow, were 
decreased as the amount of nitrogen fertilizer increased. For instance, 
when 201.78 Kg/h of nitrogen fertilizer was applied to corn, the addi­
tional energy gained was 2.16 million Kcal/h for com in rotation with 
soybean, and 2.92 and 3.37 million Kcal/h for com in rotation with 
meadow for one or two years, respectively (Figure 9). 
In summary, substitution of leguines in rotation with com had an 
effect on the energy efficiency of com, and this effect decreased as 
the amount of nitrogen fertilizer increased. 
3. Comparison between energy efficiency of different crops within 
rotation 
Different crops produced within rotations were selected to compare 
their energy efficiencies. To produce a better comparison, the average 
energy efficiency of continuous com at different levels of nitrogen 
meadow (Figure 10) . Com at different levels of nitrogen fertilizer had 
a higher energy efficiency compared to average energy efficiency of oats 
and soybeans. The energy efficiency of com decreased as the amount of 
nitrogen fertilizer applied to com increased, except when com was grown 
without nitrogen fertilizer which then had the lowest energy efficiency 
compared to the others. 
The average energy efficiency of corn was 5.81, 5.78, 5.52, and 4.71 
Kcal/Kcal when com was fertilized with 33.63, 67.26, 134.52, and 201.78 
Kg/h nitrogen fertilizer, respectively. The average energy efficiency for 
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soybeans was low because of high, input energy requirement and low output 
energy in which the soybeans were produced. 
4. Energy efficiency of entire crop rotations 
No one crop in a cropping sequence or crop rotation is entirely 
independent of the other crops grown in the same rotation. Meadows fur­
nish nitrogen for the following com crop. Insects or disease problems 
may be greater in some systems than in others. Thus, comparisons of 
energy balances over the entire life of the rotation are needed. 
At the Clarion-Webster Research Center all rotations are on a 
four-year cycle. Data for the past 12 years (1965-1976) were used 
except for the 33.63 Kg/h nitrogen fertilizer rate, which was changed 
to 201.78 Kg/h in 1971. 
As is shown in Table 12, the average efficiencies of all rotations 
that did not contain a meadow increased with increasing N up to the 
134.5 Kg/h N rate and then declined. As the meadows in the rotation 
furnished all first-year com needs, additions of N fertilizer repre­
sented a net loss in energy in the system and a decrease in the 
input-output ratio. 
The C-O-M-M had the highest energy efficiency compared to the other 
rotations. The average energy efficiency for C-O-M-M was approximately 
16 Kcal/Kcal when no nitrogen fertilizer was applied to the com. This 
higher energy efficiency of C-O-M-M was because of the high energy 
efficiency of meadow by itself/ and also because of the effect of 
meadow on the energy efficiency of com in the rotation. 
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Table 12. Comparison between average energy efficiencies of different 
cropping systems, over period of rotation, at the Clarion-
Webster Research Center 
Levels of nitrogen fertilizer applied to com^ 
Cropping system 
(Kg/h) 
0 33.63 67.26 134.52 201.78 
Continuous com 4.16 5.81 5.78 5.52 4.71 
C-C-C-0 6.06 6.70 6.23 5.76 4.82 
C-Sb-C-0 6.63 6.13 6.40 7.20 4.97 
C—C—0—M 11.07 10.63 9.34 8.17 6.85 
C—0-M—M 16.19 13.89 13.39 12.23 9.01 
^Average 1965-1976 except for 33.63 Kg N/h treatment which is 1965-
1971 and 201.78 Kg N/h treatment which is 1971-1976. 
The average energy efficiency of meadow in the C-O-M-M rotation was 
28 Kcal/Kcal consumed and, therefore, the contribution of two years of 
meadow in the rotation resulted in a higher average energy efficiency 
for the C-O-M-M rotation. The high energy efficiency of meadow resulted 
in part because of very low energy input for its production. A meadow 
does not require nitrogen fertilizer or extensive land preparation, and 
also requires very little herbicides and pesticides compared to com. 
The amount of energy output for meadow is high because all parts of the 
plant are harvested. 
The carryover effect of meadow by fixing nitrogen and making it 
available for com in the rotation resulted in a higher energy efficiency 
for com in rotation with meadow. This high energy efficiency for com 
resulted from less energy input because no nitrogen fertilizer was needed 
to maintain com yield at a high level. Since the meadow fumished all 
needed nitrogen, the energy efficiency of C-O-M-M rotation decreased 
cis the nitrogen fertilizer applied to com was increased. The average 
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energy efficiency of C-O-M-M was 9.01 Kcal per Kcal consumed when 201.78 
Kg/h nitrogen fertilizer was applied. 
As is shewn in Figure 11, the lowest energy efficiency for cropping 
rotation occurred in continuous com planted for grain. The low energy 
efficiency of continuous com resulted in a high energy requirement for 
the machinery and also low output energy due to removal of the grain 
only. 
The energy efficiency gained by substituting meadow by com was 
equal to 5.01 Kcal/Kcal when no nitrogen fertilizer was applied to 
com. This value was obtained by comparing C-C-C-0 with C-C-O-M, 
The additional energy efficiency gained at 201.78 Kg/h nitrogen 
fertilization rate was 2.03 Kcal/Kcal. When two years of meadow were 
substituted for two years of com, comparing C-O-M-M with C-C-C-0, 
the additional energy efficiencies gained were 10.13 Kcal/Kcal and 
4.19 Kcal/Kcal when zero and 201.78 Kg/h nitrogen fertilizer were 
applied to the com, respectively. The energy efficiency gained by 
SuL)S Cx CUCxOù o£ CwO yéâtS OX. iiêâdow xûSCcciU Ox COiii WâS ciJUttOS û CWxCc: 
the amount gained by one year of meadow instead of com in the crop 
rotation. 
As previously mentioned, the energy efficiency of a given system 
will not give any information about the amount of energy consumed or 
produced within a given system. Therefore, Table 13 is provided. 
Table 13 is a summary of the average amount of energy gained during 
a four-year period for each rotation at different levels of nitrogen 
fertilizer which were applied to com only. Table 14 gives additional 
information about the amounts of energy consumed and produced. 
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Table 13. Average amount of energy gained over four-year rotation at 
the Clarion-Webster Research Center (million Kcal/h)^ 
Levels of nitrogen fertilizer applied to 
(Kg/h) 
com only 
Crop rotation 0 33. 36 67 .26 134. 52 201. 76 
Continuous com 39. 59 70. 80 80 .80 96. 18 95. 17 
C-C-C-0 55. 04 71, .33 74 .01 83. 04 79. ,14 
C—Sb—C—0 56. 18 56. 82 65 .57 88, .95 66. 10 
C—C—0—M 88. 47 95, .12 91 .51 94. 34 89. 83 
C—0—M—M 105. 63 96, .67 99 .76 104, .61 81, .95 
^TSie results are based on the average energy consumed and produced 
over 12 years (1965-1976) except for 33.63 Kg N/h treatment which is 
1965-1971 and 201.78 Kg N/h treatment which is 1971-1976. 
The maximum amount of energy gained was provided in the C-O-M-M 
rotation when no nitrogen fertilizer was applied to com (Table 13). 
The amount of energy gained (output minus input) was equal to 105.63 
million Kcail/h over a four-year rotation. For all nonmeadow rotation 
the amount of energy gained was highest at the 134.52 Kg/h nitrogen 
fertilizer rate. Decreasing or increasing the amount of nitrogen ferti­
lizer rate from 134.52 Kg/h would also decrease the amount of energy 
gained. 
Table 14. Average amount of energy produced and consumed for each crop 
in rotation at the Clarion-Webster Research Center 
Crops Amount of energy Average amount of 
in invested energy produced 
Yaar rotation (Kcal./h/year) (Kcal./h/year) Efficiency 
Rotation #1, continuous com, with no nitrogen fertilizer on com 
1 Com 3,132,195 13,029,931 4.16 
2 ti *t :: 
2 sr •• " 
^ II II  II  II  
Total over 4-
year rotation 12,528,780 52,119,724 4.1; 
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Table 14. (Continued) 
Crops Amount of energy Average amount of 
in invested energy produced 
Year rotation (Kcal/h/year) CKcal/h/yeair) Efficiency 
Rotation jfl, continuous corn with 33.63 Kg/h N fertilizer cr. com 
1 Com 3,679,803 21,379,655 5.81 
2 " »» It M 
3 »» »» ii " 
^ M H II II 
Total over 4-
year rotation 14,719,212 85,518,622 5.81 
Rotation #1, continuous com with 67.26 Kg/h N fertilizer on com 
1 Com 4,225,910 24,425,760 5.78 
2 " It II II 
2 II II II II 
4 " II »» 
Total over 4-
year rotation 16,903,640 97,703,039 5.78 
Rotation #1, continuous com with 134.52 Kg/h N fertilizer on com 
1 Com 5,319,623 29,364,319 5.52 
2 M I» II II 
2 ii ii ii ii 
4 II " II II 
Total over 4-
year rotation 21,278,492 117,457,276 5.52 
Rotation #1, continuous com with 2 01.78 Kg/h N fertilizer on com 
1 Com 6,413,337 30,206,817 4.71 
2 '* " ii îî 
2 :: :: •• ii 
4 II It II II 
Total over 4-
year rotation 25,653,348 120,827,269 4.71 
Rotation #2, com-com-com-oats with no fertilizer on com 
1 Com 3,132,195 20,515,877 6.55 
2 Com 
3 Com " " " 
4 Oats 1,481,438 4,370,242 2.95 
Total over 4-
year rotation 10,878,022 
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Table 14. (Continued) 
Crops Amount of energy Average amount of 
in invested energy produced 
Year rotation (Kcal/h/year) (Kcal/h/year) Efficiency 
Rotation #2, corn-com-com-oats with 33.53 Kg/h N fertilizer on com 
1 Com 3,679,803 26,163,399 7.11 
2 Com 
3 Com 
4 Oats 1,481,438 5,362,805 3.62 
Total over 4-
year rotation 12,520,847 83,853,002 6.70 
Rotation #2, com-com-com-oats with 67.26 Kg/h N fertilizer on corn 
1 Com 4,228,910 27,679,710 6.55 
2 Com 
3 Com 
4 Oats 1,481,438 5,125,775 3.46 
Total over 4-
year rotation 14,159,168 88,164,907 6.23 
Rotation #2, com-com-com-oats with 134.52 Kg/h N fertilizer on com 
1 Corn 5,319,623 31,119,794 5.85 
2 Com 
3 Com 
4 Oats 1,481,438 7,125,717 4.81 
Total over 4-
year rotation 17,440,407 100,485,099 5.76 
Rotation #2, com-com-com-oats with 201.78 Kg/h N fertilizer on com 
1 Com 6,413,337 30,848,151 4.81 
2 Com 
3 Com 
4 Oats 1,481,438 7,318,304 4.94 
Total over 4-
year rotation 20,721,449 99,862,756 4.82 
Rotation #3, com-soybean-com-oats with no fertilizer on com 
1 Com 3,074,485 25,385,246 8.26 
2 Soybean 2,341,275 9,809,942 4.19 
3 Com 3,074,485 25,395,246 8.26 
4 Oats 1,481,438 5 ,555,392 3. 75 
Total over 4-
year rotation 9,971,683 66,155,827 6.63 
59 
Table 14. (Continued) 
Crops Amount of energy Average amount of 
in invested energy produced 
Year rotation CKcal/h/year) (Kcal/h/year) Efficiency 
Rotation #3, com-soybean-com-oats with 33.53 Kg/n n fertilizer on corn 
1 Com 3,621,342 25,747,742 7.40 
2 Soybeans 2,341,275 10,529,388 4.54 
3 Com 3,521,342 25,747,742 7.11 
4 Oats 1,481,438 5,852,794 3.89 
Totzil over 4-
year rotation 11,065,397 57,887,656 6.13 
Rotation #3, com-soybean-com-oats with 57.25 Kg/h N fertilizer on com 
1 Com 4,168,199 30,844,573 7.40 
2 Soybeans 2,341,275 10,278,197 4.39 
3 Com 4,168,199 30,844,673 7.40 
4 Oats 1,481,438 5,762,794 3.89 
Total over 4-
year rotation 12,159^11 77,730,337 5.40 
Rotation #3, com-soybean-com-oats with 134.52 Kg/h N fertilizer on com 
1 Com 5,261,913 43,147,685 8.20 
2 Soybeans 2,341,275 10,184,546 4.35 
3 Com 5,251,913 43,147,585 8.20 
4 Oats 1,481,438 5,814,614 4.60 
Total over 4-
year rotation 14,346,539 103,294,534 7.20 
Rotation #3, com-soybean-com-oats with 201.78 Kg/h N fertilizer on com 
1 Com 6,413,337 32 ,387,352 5.05 
2 Soybeans 2,341,275 10,020,657 4.28 
3 Com 6,413,337 32,387,352 5.05 
4 Oats 1,481,438 7,955,322 5.37 
Total over 4-
year rotation 16,649,387 82,750,682 4.97 
Rotation #4, C^Q-Sb^Q-C^Q-O, with no nitrogen fertilizer on com 
1 Corn 3,074,485 24,841,839 8.08 
2 Soybeans 2,341,275 10,863,516 4.64 
3 Com 3 , 074 , 48 5 24,841,839 8.08 
4 Oats 1,481,438 5,599,836 3.78 
Total over 4-
year rotation 9,971,683 66,147,030 6.63 
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Table 14. (Continued) 
Crops Amount of energy Average amount of 
in invested energy produced 
Year rotation (Kcal/h/year) (Kcal/h/year) Efficiency 
Rotation #4, CgQ-SbgQ-C^Q-O with 33.63 Kg/h N fertilizer on com 
1 Corn 3,621,342 28,789,669 7,95 
2 Soybeans 2,341,275 11,261,533 4.81 
3 Com 3,621,342 28,789,669 7.95 
4 Oats 1,481,438 6,044,267 4.08 
Total over 4-
year rotation 11,065,397 74,885,138 6.77 
Rotation #4, CgQ-SbgQ-CgQ-O with 67.26 Kg/h N fertilizer on com 
1 Com 4,168,199 31,845,040 7.64 
2 Soybeans 2,341,275 11,753,200 5.02 
3 Com 4,168,199 31,845,040 7.64 
4 Oats 1,481,438 6,533,141 4.41 
Total over 4-
year rotation 12,159,111 81,976,421 6.74 
Rotation #4» C3Q-Sb3Q-C3o-0 with 134.52 Kg/h N fertilizer on com 
1 Com 5,261,913 33,097,433 6.29 
2 Soybeans 2,341,275 11,800.026 5.04 
3 Com 5,261,913 33,097,433 6.29 
4 Oats 1,481,438 7,792,364 5.26 
Total over 4-
year rotation 14,346,539 85,787,256 5.98 
Rotation #4, C30-Sb3Q-C30-0 with 201.78 Kg/h N fertilizer on com 
1 Com 6,355,627 34,383,942 5.41 
2 Soybeans 2,341,275 9,482,164 4.05 
3 Com 6,355,267 34,383,942 5.41 
4 Oats 1,481,438 6,399,812 4.32 
Total over 4-
year rotation 16,533,967 84,649,860 5.12 
Rotation #5, com-com-oats-meadow with no nitrogen fertilizer on com 
1 Com 3,074,485 28,900,159 9.40 
2 Com 3,074,485 28,900,159 9.40 
3 Oats 1,481,438 6,281,297 4.24 
4 Meadov/ 1,152,581 33,171,281 28.78 
Total over 4-
year rotation 8,783,989 97,252,897 11.07 
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Table 14. (Continued) 
Year 
Crops 
in 
rotation 
Amount of energy 
invested 
(Kcal/h/year) 
Average amount of 
energy produced 
(Kcal/h/year) Efficiency 
Rotation #5, com-com-oats-meadow with 33.63 Kg/h N fertilizer on com 
1 Com 3,621,342 
2 Com 3,621,342 
3 Oats 1,481,438 
4 Meadow 1,152,581 
5 
Total over 4- 9,876,703 
year rotation 
32,266,157 
32,366,157 
6,607,213 
33,862,830 
8.91 
8.91 
4.46 
29.38 
105,002,357 10.63 
Rotation #5, com -com -oats -me adow with 67.26 Kg/h N fertilizer on com 
1 
2 
3 
4 
Total over 4-
year rotation 
Com 
Com 
Oats 
Meadow 
4,168,199 
4,168,199 
1,481,438 
1,152,581 
31,386,538 
31,386,538 
7,392,376 
32,318,371 
7.53 
7.53 
4.99 
28.04 
9.34 
Rotation #5, com-com-oats-meadow with 134.52 Kg/h N fertilizer on com 
1 
2 
3 
4 
Total over 4-
vear rotation 
Com 
Com 
Oats 
Meadow 
5,261,913 
5,261,913 
1,481,438 
1,152,581 
32,992,194 
32,992,194 
8,281,238 
33,228,910 
6.27 
6.27 
5.59 
28.83 
j / .«ad j.u / -ft /h .do / 
Rotation #5, com-com-oatSHXieadow with 201.78 Kg/h N fertilizer on com 
1 
2 
3 
4 
Total over 4-
voa-r mtati on 
Com 
Com 
Oats 
Meadow 
6,355,627 
6,355,627 
1,481,438 
1,152,581 
32,858,591 
32,858,591 
7,451,633 
32,007,174 
5.17 
5.17 
5.03 
27.77 
3.5-345-273 105.175.989 6.85 
Rotation #6, com-oats-meadow-meadow with no nitrogen fertilizer on com 
1 
2 
3 
4 
Total over 4-
vear rotation 
Com 
Oats 
Meadow 
Meadow 
3,062,943 
1,481,438 
1,152,581 
1,254,534 
34,795,032 
8,414,568 
33,217,384 
36,155,670 
11.36 
5.68 
28.82  
28 .82  
6,951,496 112,582,554 16.19 
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Table 14. (Continued) 
Year 
Crops 
in 
rotation 
Amount of energy 
invested 
(Kcal/h/year) 
Average amount of 
energy produced 
(Kcal/h/year) Efficiency 
Rotation #6, com-oats-meadow-meadow with 33.63 Kg/h N fertilizer on com 
1 
2 
3 
4 
Total over 4-
year rotation 
Com 
Oats 
Meadow 
Meadow 
3,609,800 
1,481,438 
1,152,581 
1,254,534 
35,556,530 
6,607,213 
29,690,486 
32,316,796 
9.85 
4.46 
25.76 
25.76 
7,498,353 104,171,024 13.89 
Rotation #6, com-oats-meadow-meadow with 67.26 Kg/h N fertilizer on com 
1 
2 
3 
4 
Total over 4-
year rotation 
Com 
Oats 
Meadow 
Meadow 
4,156,657 
1,481,438 
1,152,581 
1,254,534 
33,876,754 
8,429,382 
31,361,729 
34,135,870 
8.15 
6.69 
27.27 
27.27 
8,045,210 107,803,735 13.39 
Rotation #6, com-oats-meadow-meadow with 134.52 Kg/h N fertilizer on com 
1 Com 5,250,371 35,387,500 6.74 
2 Oats 1,481,438 8,918,256 6.02 
3 Meadow 1,152,581 32,295,319 28.02 
4 Meadow 1,254 , 534 35,152 ,043 28.02 
Total over 4-
year rotation 9,138,924 111,753,119 12.23 
Rotation #6, com-oats-meadow-meadcw with 201.78 Kg/h N fertilizer on com 
1 Com 6,344,085 13,453,260 5.24 
2 Oats 1,481,438 9,288,616 6.27 
3 Meadow 1,152,581 33,251,962 28.85 
4 Meadow 1,254,534 36,193,306 28.85 
Total over 4-
year rotation 10,232,638 92,187,144 9.01 
In summary, substitution of legumes with com in rotation created a 
greater energy efficiency when compared with energy efficiency of con­
tinuous com. The amount of energy produced in the continuous com 
rotation was high, but its energy efficiency was low. Thus, if the amount 
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of energy input for machinery, labor, and fertilizer could be reduced, 
the continuous com would be more energy efficient. 
B. Galva-Primghar Research Center 
1. Energy efficiency of continuous corn at different levels of nitrogen 
fertilizer 
The energy efficiency of continuous com increased, and then 
decreased, as the amount of nitrogen fertilizer increased. The average 
energy efficiency of continuous com at different levels of nitrogen 
fertilizer is summarized in Table 15. According to Table 15, the energy 
efficiency of continuous com first increased from 7.22 Kcal/Kcal con­
sumed, when no nitrogen fertilizer was applied, to 7.59 Kcal/Kcal at 44.84 
Kg/h nitrogen rate, which then decreased to 5.89 Kcal/Kcal when 134.52 
Kg/h nitrogen fertilizer was applied. Hiese results indicated that com 
was an energy efficient crop at all nitrogen fertilizer levels studied. 
With investment of 1 Kilocalorie from 5.9 to 7.5 Kcal were produced. 
Tabls 15. Effect of nitrogen fertilizer o" the average amount of enerov 
consuitçjtion and production on continuous com at the Galva-
Primghar Research Center^ 
Nitrogen Amount of energy Average amount of 
treatment consumed energy produced 
(Kg/h) (Kcal/h/year) (Kcal/h/year) Efficiency 
0 2,221,782 16.04 x 10^ 7.22 
44.84 2.-950 ..922 22.10 x 10® 7.49 
89.68 3,680,065 24.58 x 10® 6.68 
134.52 4,409,208 25.97 x 10® 5.89 
^Based on 12 years of data, 1965-1976. 
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The amount of energy produced increased as the amount of nitrogen 
fertilizer increased. For instance, when no nitrogen fertilizer was 
applied, the amount of energy produced was equal to 16.04 million 
Kcal/h, which then increased to 22.10, 24.58, and 25.9 7 million Kcal/n 
when 44.84, 89.68, and 134.52 Kg/h of nitrogen fertilizer, respectively, 
were applied. According to Figure 12, energy consumption was increased 
from 2.22 million Kcal/h when no nitrogen fertilizer was applied to 
2.95, 3.68, and 4.41 million Kcal/h for the fertilization rates of 
44.84, 89.68, and 134.52 Kg/h nitrogen, respectively. 
Amount of energy gained was different at different levels of nitrogen 
fertilizer application. Energy gained increased from 13.82 million Kcal/ 
h/year when no nitrogen fertilizer was applied to 21.56 million Kcal/h/ 
year with an application of 134.52 Kg/h nitrogen fertilizer. Results 
indicated that higher levels of both food production and energy gain were 
achieved when the 134.52 Kg/h nitrogen fertilizer rate was applied. 
In summary, the energy efficiency of com ranged between 5.89 to 
7.49 Kcal/n. depeiiding upon the levels of nitrogen fertilizer applied. 
Com is an energy efficient crop, and continuous com is also an energy 
efficient system of cropping in regard to the amount of energy produced. 
2. Effect of different rotations on the energy efficiency of com 
The average energy efficiency of com at varying levels of nitrogen 
fertilizer in different rotations at the Galva-Prim^ar Research Center 
is summarized in Table 16. Various comparisons between rotations are 
possible. Comparisons were made between the average energy efficiency 
of com in continuous com and C-Sb-C-Sb for the effect of soybeans on 
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Figure 12. Effect of different levels of nitrogen fertilizer 
on energy efficiency of continuous corn in 
rotation at Galva-Prisighar Research Center 
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energy efficiency of com, and between C-O^-C and C-O-M-M for the effect 
of substitution of com by meadow in the rotation. The energy efficiency 
of com grcwn for grain versus com silage will be compared later. 
Table 16. Effect of different levels of nitrogen fertilizer on the energy 
efficiency of com in rotation at the Galva-Primghar Rsseardi 
Center 
Amount of nitrogen fertilizer applied to 
(Kg/h) 
com only 
Crop rotation 0 22. 42 44. 84 89. ,68 134. ,52 
Continuous com 7 .22 7. 49 6. 69 5. 90 
C-Sb-C-Sb 9 .69 — 8. 65 7. 35 6, .28 
C-O-M-C 10 .76 9, .96 8. 90 7. 24 — 
C—O-M—Sg 11 .06 10. 09 9. 33 7. 76 — 
C—0 —M—M 12 .64 11, .08 9. 12 7, .46 — 
*-5 ~^s "^-s ~^s 14 .34 14. 45 12. 98 10, .73 
As shown in Table 16, the energy efficiency of continuous com 
(grain), when no nitrogen fertilizer was applied, was 7.22 Kcal/Kcal 
consumed, which then increased to 9.69, 10.76, 11.06, and 12.64 Kcal/ 
Kcal, respectively, for C-Sb-C-Sb, C-O-M-C, C-O-M-Sg, and C-O-M-M. When 
the arriount of nitrogen ferttIi?eT applied to com was increased to 55.68 
Kg/h, the energy efficiency of com Cgreiin) decreased to 6.69 Kcal/Kcal 
consumed for continuous com and to 7.35, 7.24, 7.76, and 7.46 Kcal/ 
Kcal, respectively, for C-Sb-C-Sb, C-O-M-C, C-O-M-Sg, and C-O-M-M. The 
energy efficiency of com in any rotation was higher at the lower rates 
of nitrogen fertilizer. 
The energy efficiency of com in different rotations increased when 
com was substituted by a legume, such as soybeans or meadow. According 
to Figure 13, the highest energy efficiency of com occurred in different 
rotations when lower levels of nitrogen fertilizer rates were applied 
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to com. The additional energy which corn gained from being in rotation 
with soybeans (C-Sb-C-Sb) was 2.47 Kcal/Kcal consumed when no nitrogen 
fertilizer vas applied to com, and then decreased to .38 Kcal/Kcal when 
134.52 Kg/h nitrogen fertilizer was applied to com. Tl-ie additional 
energy which was gained for com was 4.38 million Kcal/h in rotation with 
soybeans when no nitrogen fertilizer was applied, and then decreased to 
1.37 million Kcal/h at a nitrogen fertilizer rate of 134.52 Kg/h (Figure 
14) . 
The additional energy geiined over a four-year period by substitution 
of com by two years of meadow (C-O-M-C vs. C-O-M-M) was 16.55 million 
Kcal/n when no nitrogen fertilizer was applied to com, and then 
decreased to less than six (5.63) million Kcal/h when 89.68 Kg/h nitrogen 
fertilizer was applied to com. Net energy decreased when nitrogen 
fertilizer increased because of the large amount of energy required to 
produce the nitrogen fertilizer. Table 17 lists detailed information 
about the amount of energy produced and consumed for each crop in the 
rotation. 
In summary, a legume in the rotation increased the energy efficiency 
of the com in the rotation. This effect was evident when the energy 
efficiency of com in different rotations was compared. The substitution 
of legumes in rotation with com affected the amount of energy produced. 
This effect decreased as the amount of nitrogen fertilizer was 
increased. 
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Table 17. Average amount of energy produced and consumed for each crop 
in rotation at the Galva-Primghar Research Center 
Crops Amount of energy Average amount of 
in invested energy produced 
Year rotation (Kcal/h/year) (Kcal/h/year) Efficiency 
Rotation #1, continuous com, with no nitrogen fertilizer on com 
1 Com 2,221,782 16,041,266 7.22 
2 " " ti ti 
2 ii ii ii it 
^ II II II II 
Total over 4-
year rotation 8,887,128 64,165,064 7.22 
Rotation #1, continuous com with 44.84 Kg/h N fertilizer on com 
1 Com 2,950,922 22,102,406 7.49 
2 ii ii 11 ii 
2 I: II :: 
^ II II II II 
Total over 4-
year rotation 11,803,688 88,409,623 7.49 
Rotation #1, continuous com with 89.68 Kg/h N fertilizer on com 
1 Com 3,680,065 24,619,635 6.69 
2 II II II «I 
2 II n II II 
 ^ II II II II 
Total over 4-
2 CAX. ^ WCh 
1  A  O f t  4 7 6 . q t o  A  .  A Q  
Rotation #1, continuous com with 134.52 Kg/h N fertilizer on com 
1 Com 4,409,208 26,014,327 5.90 
2 " " îï " 
2 ii ii ii ii 
^ II M II !Î 
Total over 4-
year rotation 17,636,832 104,057,309 5.90 
Rotation #2, C-Sb-C-Sb, with no nitrogen fertilizer on com 
1 Com 2,164,069 20,969,829 9.69 
2 Soybean 2,365,540 8,374,012 3.54 
3 Com 2,164,069 20,969,829 9.69 
4 Soybean 2,365,540 8,374,012 3.54 
Total over 4-
year rotation 9,059,218 58,687,682 6.48 
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Table 17. (Continued) 
Crops Amount of energy Average amount of 
in invested energy produced 
Year rotation (Kcal/h/year) (Kcal/h/yeair) Efficiency 
Rotation #2, C-Sb-C-Sb with 44.84 Kg/h N fertilizer on com 
1 Com 2,893,212 25,026,284 8.65 
2 Soybean 2,365,540 8,539,599 3.61 
3 Com 2,893,212 25,026,284 8.65 
4 Soybean 2,365,540 8,539,599 3.61 
Total over 4-
year rotation 10,517,504 67,131,766 6.38 
Rotation #2, C-Sb-C-Sb with 89.68 Kg/h N : fertilizer on com 
1 Com 3,622,355 26,624,309 7.35 
2 Soybean 2,365,540 8,468,633 3.58 
3 Com 3,622,355 26,625,309 7.35 
4 Soybean 2,365,540 8,468,633 3.58 
Total over 4-
year rotation 11,975,790 70,185,884 5.86 
Rotation #2, C-Sb-C-Sb with 134.52 Kg/h N fertilizer on com 
1 Com 4,351,497 27,327,401 6.28 
2 Soybean 2,365,540 8,752,498 3.70 
3 Com 4,351,497 27,327,401 6.28 
4 Soybean 2,365,540 8,752,498 3.70 
Total over 4-
year rotation 13,434,074 72,159,798 5.37 
Rotation #3, C-O-M-C, with no nitrogen fertilizer on com 
1 Com 2,152,257 23,161,190 10.76 
2 Oats 1,495,993 8,751,559 5.85 
3 Meadow 1,248,455 32,759,459 26.24 
4 Com 2,152,527 23,161,190 10.76 
Total over 4-
yeeur rotation 7,049,502 87,833,399 12.46 
Rotation #3, C-O-M-C with 22.42 Kg/h N fertilizer on com 
1 Com 2,517,099 25,070,306 9.96 
2 Oats 1,495,993 9,783,794 6.54 
3 Meadow 1,248,455 31,947,963 25.59 
4 Com 2.517.099 25.070.306 9.96 
Total over 4-
year rotation 7,778,646 91,872,369 11.81 
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Table 17. (Continued) 
Crops Amount of energy Average amount of 
in invested energy produced 
Year rotation (Kcal/h/year) (Kcal/h/year) Efficiency 
Rotation #3, C-0—M-C with 44.84 Kg/h. N fertilizer on com 
1 Com 2,811,670 25,646,863 8.90 
2 Oats 1,495,993 10,337,312 6.91 
3 Meadow 1,248,455 32,746,975 25.23 
4 Com 2,881,670 25,646,863 8.90 
Total over 4-
year rotation 8,507,788 94,378,013 11.09 
Rotation #3, C-0 -M-C with 89.68 Kg/h N fertilizer on com 
1 Com 3,610,813 26,142,286 7.24 
2 Oats 1,495,993 11,070,348 7.40 
3 Meadow 1,248,455 32,349,954 25.92 
4 Com 3,610,813 26,142,286 7.24 
Total over 4-
year rotation 9,966,074 95,714,874 9.60 
Rotation #4, C-O-M-Sg, with no nitrogen fertilizer on com and sorghum 
1 com 2,114,054 23,381,437 11.06 
2 Oats 1,495,993 8,601,960 5.75 
3 Meadcw 1,248,455 31,947,963 25.59 
4 Sorghum 1,942,737 19,738,208 10.15 
Total over 4-
year rotation 6,801,239 83,669,568 12.30 
Rotation #4, C-O-M-Sg with 22.42 Kg/h N fertilizer on com and sorghum 
1 Com 2,478,626 25,009,336 10.09 
2 Oats 1,495,995 9,379,889 6.27 
3 Meadow 1,248,455 32 ,010,386 25.54 
4 Sorghum 2,307,309 19,935,149 8.64 
Total over 4-
year rotation 7,530,385 86,334,760 11.46 
Rotation #4, C-O-M-Sg with 44.84 Kg/h N fertilizer on com and sorghum 
1 Com 2,843,197 25,527,028 9.33 
2 Oats 1,495,995 10,202,686 6.82 
3 Meadow 1,248,455 31,436 , 095 25.18 
4 Sorghum 2,571,880 19,371,130 7.25 
Total over 4-
year rotation 8,259,527 87,536,940 10.59 
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Table 17. (Continued) 
Crops Amount of energy Average amount of 
in invested energy produced 
Year rotation (Kcal/h/year) (Kcal/h/year) Efficiency 
Rotation #4, C-O-M-Sg with 89.68 Kg/h N fertilizer on com and sorghum 
1 Com 3,572,340 27,721,358 7.76 
2 Oats 1,495,995 10,890,844 7.28 
3 Meadow 1,248,455 30,861,807 24.72 
4 Sorghum 3,401,023 20,440,148 6.01 
Total over 4-
year rotation 9,717,813 89,914,157 9.25 
Rotation #5, C-O-M^ with no nitrogen fertilizer on com 
1 Com 2,164,069 27,353,832 12.64 
2 Oats 1,495,995 11,339,642 7.58 
3 Meadow 1,248,455 32,397,407 25.95 
4 Meadow 1,248,455 32,397,407 25.95 
Total over 4-
year rotation 6,156,974 103,488,289 16.81 
Rotation #5, C-O-M-M with 22.42 Kg/h N fertilizer on com 
1 Com 2,528,641 28,017,342 11.08 
2 Oats 1,495,995 12,027,799 8.04 
3 Meadow 1,248,455 32,447,345 25.99 
4 Meadow 1,248,455 32,447,345 25.99 
Total over 4-
year rotation 6,521,546 104,939,831 16.09 
Rotation #5, C-O-M-M with 44.84 Kg/h N fertilizer on com 
1 Com 2,893,212 26,386,093 9.12 
2 Oats 1,495,995 12,162,439 8.13 
3 Meadow 1,248,455 31,673,303 25.37 
4 Meadow 1,248,455 31,673,303 25.37 
Total over 4-
year rotation 6,886,117 101,895,138 14.80 
Rotation #5, C-O-M-M with 89.68 Kg/h N fertilizer on com 
1 Com 3,622,355 26,986,545 7.45 
2 Oats 1,495,995 12,760,837 8.53 
3 Meadow 1,248,455 29,625,837 23.73 
4 Meadow 1,248,455 29,625,837 23.73 
Total over 4-
year rotation 7,615,260 98,999,058 13.00 
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Table 17. (Continued) 
Crops Amount of energy Average amount of 
in invested energy produced 
Year rotation (Kcal/h/year) (Kcal/h/year) Efficiency 
Rotation #6, Continuous com with no nitrogen fertilizer on com 
1 Com silage 2,202,543 31,584,466 14.34 
2 " n M II 
2 II II II II 
4 II II It II 
Total over 4-
year rotation 8,810,172 126,337,866 14.34 
Rotation #6, Continuous com with 44.84 Kg/h N fertilizer on com 
1 Com silage 2,931,686 42,362,863 14.46 
2 II II II II 
2 II II II II 
 ^ II II II II 
Total over 4-
year rotation 11,726,744 169,451,451 14.46 
Rotation #6, Continuous com with 89.68 Kg/h N fertilizer on com 
1 Com silage 3,660,829 47,517,560 12.98 
2 II II II II 
2 II II II II 
^ II II II It 
"Dotal over 4-
year rotation 14,643,316 190,070,241 12.98 
Rotation #6, Continuous com with 134.52 Kg/h N fertilizer on com 
1 Com silage 4,389,971 47,104,388 10.73 
2 II II II II 
2 II II II II 
 ^ II II II II 
Total over 4-
year rotation 17,449,884 188,417,555 10.73 
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3. Comparison between energy efficiency of com grown for grain and 
com silage 
A comparison was made between energy efficiency of continuous 
com grown for grain and continuous com for silage. According t" 
Table 16, the energy efficiency of com silage was approximately double 
that of the energy efficiency of com grown for grain at any level of 
nitrogen fertilizer applied to com. Higher energy efficiency for com 
silage con^ared to com (grain) was because the amount of output energy 
increased with little increase in input energy. The input energy for 
com silage and com (grain) wais almost the same. Only a small 
difference was observed and it was due to a Icwer amount of herbicides 
being used in com silage (19,239 Kcal/h less). 
The output energy or the amount of energy produced for com silage 
was approximately double when compared to com (grain) at all levels of 
nitrogen fertilizer. The additional amounts of energy gained were 
15.54, 20.26, 22.90, and 21.09 million Kcal/h when 0, 44.84, 89.68, 
and 134.52 Kg/h rates of nitrogen fertilizer were applied to com. The 
amount of energy produced by com silage was expected to be higher than 
for com (grain). The amount of energy produced by a given system 
depends on the portion of the crop harvested and is lower in a system 
in which only the grain is removed as compared to a system in which the 
whole plant is harvested. 
Crop residues left on the ground help to maintain soil organic 
matter and fumish some plant nutrients. An analysis of these aspects 
of residue management is, however, beyond the scope of this study. 
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4. Comparison between energy efficiency of meadow and com silage 
A comparison was made between energy efficiency of meadow and com 
silage at different levels of nitrogen fertilizer, and the results are 
summarized in Table 18. 
Table 18. Energy efficiency of meadow crops in rotations as compared to 
continuous com harvested for silage at Galva-Primghar Research 
Center 
Amount of nitrogen fertilizer applied to com only 
(Kg/h) 
Crop rotation 0 44.84 89.68 134.52 
C—0—M—C 26.24 25.59 26.23 25.92 
C—0-M—Sg 25.59 25.64 25.18 24.72 
C—0~M—M 25.95 25.99 25.37 23.72 
Average 25.93 25.74 25.59 24.79 
cs-cs-cs-cs 14.34 14.45 12.98 10.73 
The energy efficiency of meadow (25.93 Kcal/Kcal consumed) was 
higher than com silage (14.34 Kcal/Kcal) at zero nitrogen fertilization 
rate. %e energy efficiency of com silage decreased as the amount of 
nitroaen fertilizer increased and, therefore, the difference between 
energy efficiency of meadow and com silage increased as the amount of 
nitrogen fertilizer applied to com was increased. 
As is shown in Table 24, the amounts of energy (Kcal/h) produced 
were the same for com silage and meadow when no nitrogen fertilizer was 
applied to com, but the amount of energy (Kcal/h) consumed for com 
silage was approximately twice that of meadow. Therefore, it can be 
concluded that the higher input energy for corn silage caused the lower 
energy efficiency for com silage. As the amount of nitrogen fertilizer 
increased, the amount of energy produced also increased, but the 
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additional consumption of energy due to nitrogen fertilizer kept the 
energy efficiency of com silage lower than meadow. The amount of 
energy produced by com silage was 31.58 million Kcal/h/year when no 
nitrogen fertilizer was applied, and it increased to 47.10 million 
Kcal/h/year when 134.52 Kg/h nitrogen fertilizer was applied to com 
(Figure 15) . 
Table 19. Average amount of energy produced and consumed for meadow and 
continuous com planted for silage, at different levels of 
nitrogen fertilizer applied to com only, at the Galva-
Primghar Research Center 
Levels of nitrogen 
fertilizer applied 
to com only 
(Kq/h) 
Amount of energy 
consumed 
CKcal/h/year) 
Average amount of 
energy produced 
(Kcal/h/year) 
Meadow Com silage Meadow Com silage 
0 
44.84 
89.68 
134.52 
1,248,455 
1,248,455 
1,248,455 
1,248,455 
2,202,543 
2,931,686 
3,660,829 
4,389,971 
32,372,438 
32,135,232 
31,947,963 
30,949,199 
31,584,466 
42,862,863 
47,517,560 
47,104,389 
5. Gon^arison between average energy efficiency of cropping rotations 
over period of rotation 
This study was carried out on the Galva-Primghar Research Center. 
The values are the average energy efficiency based on 12 years of data, 
1965-1976. Each crop within the rotation had its own amount of energy 
(Kcal/h) consumed and produced and, therefore, the average amount of 
energy produced over the period of rotation was divided by the average 
amount of energy consumed. 
Detcd-led information about the amounts of energy which were pro­
duced or consumed for each crop were presented in Table 17. Table 20 
gives the energy efficiencies of the cropping rotations. 
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Energy^ficiency, meadow Million 
Energy production, corn (silage) 
Energy production, meadow tn 
^  14- *  Energy efficiency, 
••--.^corn (silage) 
to 
o. S 10 
o) 
corn fc-jlarso^ 
34.52 33.83 89.68 
Levels of nitrogen fertilizer applied Kg/h 
Figure 15. Comparison between the amount of energy consumed and produced 
for corn (silage) and meadow (Kcal/h) at Galva-Primghar 
Research Center 
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Table 20. Comparison between average energy efficiency of different 
cropping rotations over four-year period of rotation at the 
Galva-Primghar Research Center 
Levels of nitrogen fertilizer^ 
(Kg/h) 
Cropping rotations û 22.42 44.84 89.68 154.52 
Continuous com 
(grain) 7.22 — 7.49 6.69 5.90 
C—Sb—C—Sb 6.48 6.38 5.86 5.37 
C—0—M—C 12.46 11.81 11.09 9.60 
C—0—M—Sg 12.30 11.46 10.59 9.25 
C—0—M—M 16.81 16.09 14.80 13.00 
Continuous com 
(silage) 14.34 14.45 12.98 10.73 
^Amounts of nitrogen fertilizer applied to com and sorghum only. 
According to the results in Table 20, the average energy efficiency 
of the rotations decreased as the amount of nitrogen fertilizer applied 
to com and sorghum increased, except for continuous com for silage and 
grain, which first increased and then decreased. 
As Figure 16 shows, the highest average energy efficiency was 
obtained in the C-O-M-M rotation. The average energy efficiency of 
C-O-M-M was between 13.0 Kcal/Kcal consumed and 16.8 Kcal/Kcal consumed, 
ïhe average energy efficiency decreased with increased nitrogen 
fertilizer rates. 
The high energy efficiency of meadow was due to less input energy 
which was required for the meadow crop and resulted in a high average 
efficiency for rotation C-O-M-M. Not only the energy efficiency by 
itself caused the energy efficiency of the C-O-M-M system to be high, 
but also the role of meadow on the availability of nitrogen fertilizer 
for grain crops in the rotation helped the C-o-m-m rotation to have 
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the highest average energy efficiency in comparison to the other rota­
tions. As the amount of nitrogen fertilizer applied to com increased, 
the average energy efficiency of the c-o-m-m rotation decreased. This 
is due to the amount of nitrogen fertilizer contribution in the input 
energy for com production without any corresponding increase in com 
yields. 
A comparison between energy efficiency of C-Sb-C-Sb and continuous 
com for grain indicated a lower energy efficiency for C-Sb-C-Sb at 
all levels of nitrogen fertilizer. The amount of energy consumed for 
com (grain) and soybeans was about the same, 2.22 million Kcal/h for 
com and 2.36 million Kcal/h for soybeans when no nitrogen fertilizer 
was applied to com. 5he amount of energy produced was approximately 
twice as high for com as for soybeans (Table 17) . Therefore, the 
energy efficiency of C-Sb-C-Sb dropped to a low level when compared 
with the other rotations. 
The average amount of energy produced was approximately 8.5 million 
Kca 1/1-1 tor soybeans when compared to almost 32.4 million Kcal/h from 
meadow. Therefore, the lov/ energy productivity of soybeans decreased 
the average energy efficiency of the C-Sb-C-Sb. It should be noted that 
there was a carryover effect on the energy efficiency of com in the 
C-Sb-C-Sb rotation and this effect caused a higher energy efficiency 
for com in C-Sb-C-Sb rotation when compared to the energy efficiency 
of continuous com. 
The amounts of energy consumed or produced within each rotation 
were listed in Table 17, find Table 21 is a summary of the average amount 
of energy gained during the four-year period for each rotation when 
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different levels of nitrogen fertilizer were applied to com and 
sorghum. 
Table 21. Average amount of energy gained (million Kcal/h) over four-
year period of rotation at the Galva-Priraghar Research Center 
Levels of nitrogen fertilizer^ 
(Kq/h) 
Cropping rotation 0 22. 42 44. ,84 89. 68 134. 52 
Continuous com (grain) 55. 28 76. ,61 83. 76 86. ,42 
C—Sb—C—Sb 49. ,63 — 56. 61 58. 21 58. 73 
C—0—M—C 80. . 78 84. 09 85. 87 85. 75 — 
C-O^-Sg 76. 87 78. 80 79. 28 80, .20 — 
C—0—M—M 97. 33 98, .42 95. 01 91, .38 — 
Continuous com (silage) 117. 53 — 157, .72 175, .43 170, .86 
^Amounts of nitrogen fertilizer applied to com and sorghum only. 
Maximum amount of energy gained was on continuous com for silage at 
all levels of nitrogen fertilizer applied. Average amounts of energy 
gained were 117.53, 157.72, 175.43, and 170.86 million Kcal/h when 0, 
44.84, 89.68, and 134.52 Kg/h of nitrogen fertilizer were applied to 
com. Second highest gain was for C-O-M-M, followed by C-O-M-C. 
The maximum average amount of energy gained was highest at the 89.58 
Kg/h nitrogen fertilizer rate when applied to com in the continuous com 
for silage and was second highest at the 22.42 Kg/h nitrogen fertilizer 
rate for the C-O-W-M. The continuous com (grain) , C-O-M-C, C-O-M-Sg, 
and C-Sb-C-Sb rotations then followed in order when the 134.52, 44.84, 
89.68, and 134.52 Kg/h nitrogen fertilization rates were applied to com 
and/or sorghum. 
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C. Shelby-Grundy Research Center 
This study was carried out on the Shelby-Grundy Research Center. 
The values are the average energy efficiency based on seven years of 
data, 1970-76. Each crop within the rotation has its own amount of 
energy consumed and produced (Kcal/h/year) . 
1. Energy efficiency of continuous com at different levels of fertili­
zation 
The average energy efficiency of com at five different levels of 
fertilization with nitrogen and/or manure is summarized in Table 22. 
Energy efficiency of com differed in regard to the amount of nitrogen 
fertilizer or manure applied. 
Table 22. Effect of different levels of nitrogen fertilizer and manure 
on the amount of energy consumed and produced (Kcal/h) in 
continuous com at the Shelby-Grundy Research Center 
Treatment 
Amount of energy 
consumed 
(Kcal/h/year) 
Average amount of 
energy produced 
(Kcal/h/year) Efficiency 
n V/^/ Vi -n-i ^>-rvrTork ? -Ti X 10 s 2 1 . 1 6  X 10^ 9 . 2 9  
134.52 Kg/h nitrogen 4 .46 X 10^ 29.11 X 10^ 6.52 
201.78 Kg/h nitrogen 5 .56 X 10^ 30.96 X 10^ 5.57 
8.97 ton/h manure 32 .41 X 10® 24.63 X 10® 0.76 
8.97 ton/h manure 
plus 134.53 Kg/h 
nitrogen 34 .60 X 10^ 30.79 X 10® 0.89 
The average energy efficiency of continuous com was 9.29 Kcal/Kcal 
consumed when no nitrogen fertilizer was applied, and decreased to 5.57 
Kcal/Kcal when 201.78 Kg/h nitrogen fertilizer was used. As the amount 
of nitrogen fertilizer increased, the rate of energy input due to the 
additional nitrogen fertilizer was higher than the rate of energy 
34 
produced by increasing the yield; therefore, the energy efficiency 
decreased. 
The energy efficiency of continuous com was lower than unity 
when manure was used. The average energy efficiency of continuous com 
was .76 Kcal/Kcal consumed when 8.97 ton/h of manure was applied to 
com. This increased to .89 Kcal/Kcal when 8.97 ton/h manure plus 
134.52 Kg/h nitrogen fertilizer were applied. 
Figure 17 illustrates the relationship between the amount of energy 
consumed versus the amount produced and the energy efficiency of con­
tinuous corn at different levels of fertilization. 
As shown in Table 22, the amount of energy produced was 21.16 
million Kcal/h/year when no nitrogen fertilizer was applied to com. 
This cUTDunt increased to 29.11 and 30.96 million Kcal/h/year when the 
amount of nitrogen fertilizer applied to com increased to 134.52 and 
201.78 Kg/h, respectively. Use of 8.97 ton/h of manure produced 24.63 
million Kcal/h/year and this amount increased to 30.79 million Kcal/h 
when a combination or 5.57 ton/h manure and 134.52 Kû/'h nitrogen 
fertilizer was applied. The low efficiency for energy conversion on the 
manured plots resulted from the high input of energy credited to the 
manure. Manure contains a large amount of energy in the form of hydro­
carbons. This energy is largely wasted when manure is applied to the 
land. Economics dictate that this energy is unprofitable to salvage 
under present conditions, but these economic restrictions do not apply 
in this study. 
The amount of energy consumed was 2.27 million Kcal/h when no 
nitrogen fertilizer was applied to com, and increased to 5.56 million 
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Kcal/h when 201.78 Kg/h nitrogen fertilizer was applied. This was low 
when compared to 34.51 million Kcal/h when 8.97 ton/h of manure was 
applied and 34.60 million Kcal/h when 8.97 ton/h manure plus 134.52 
Kg/h nitrogen fertilizer were applied. The amount of energy consumed 
was as much as 15 times greater from the use of manure when compared 
with nitrogen. The high amount of energy consumed in continuous com 
when manure was applied is due to the high energy content of manure, 
the energy cost of machinery to apply manure, and to increased labor. 
In summary, continuous com has a wide range of energy efficiencies 
depending upon the levels cind type of fertilization. It was an energy 
efficient system when nitrogen fertilizer was applied, and it was an 
inefficient system when manure was applied. The manure might be a less 
costly source of fertilizer in economic terms, but it is an energy 
expensive source. 
2. Effect of different rotations on the energy efficiency of com 
A comparison between the average energy efficiency of com in six 
different rotations was made to find out which rotation provided the 
highest energy efficiency for com. Table 23, based on seven years of 
data, summarizes the comparisons between rotations and treatments. 
Substitution of legumes in rotations increased the energy 
efficiency of com. According to Table 23, the energy efficiency of 
continuous com was 9.29 Kcal/Kcal consumed when no nitrogen fertilizer 
was applied, and increased to 9.79 Kcal/Kcal for C-C-Sb. A coirparison 
between C-C-O-M eind C-O-M-M indicated that the average energy efficiency 
97 
Table 23. Effect of different levels of nitrogen fertilizer and manure 
on energy efficiency of corn in different rotations at the 
Shelby-Grundy Research Center 
Rotation 
Treatment 
0 Kq/h N 134.52 Kg/h N 8.97 ton/h manure 
C-C-C-C 9.29 6.53 0.76 
C-C-Sb 9.79 6.95 0.83 
C—C—0~M 11.03 6.94 0.88 
C—C—0 —M—M 11.83 6.96 0.88 
C—Sb-C—0—M 12.18 7.17 0.96 
C —0—M—M 14.40 7.28 1.04 
was increased from 11.03 to 14.40 Kcal/Kcal when one year of meadow was 
substituted for com in rotation C-C-O-M (Figure 18) . 
The additional energy gained from a legume in a rotation with com 
decreased as the amount of nitrogen fertilizer increased. The effect 
of legume on energy efficiency or com was not obvious when 8.97 ton/h 
manure was applied, as the energy input from the manure overshadowed all 
other energy considerations. 
When mcinure was applied to corn, the amount of energy produced was 
affactsd by the legizz: ir. the rotation = instance, the amount of 
energy produced was 24.63 million Kcal/h for continuous com and it 
increased to 26.45, 28.04, 30.58, and 33.13 million Kcal/h, respectively, 
for C-C-Sb, C-C-O-M, C-Sb-C-O-M, and C-O-M-M. 
3. Ave race efficiency of crop rotation 
This study was carried out on the Shelby-Grundy Research Center. 
The values aire an average of seven years of data of the crop rotation 
system over the period of rotation. The average energy efficiency of 
each rotation was calculated by dividing the amount of energy produced 
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by the amount of energy consumed over the period of rotation. The 
results are summarized in Table 24. 
Table 24. Ctomparison between the average energy efficiency of the 
cropping system over period of rotation at the Shelby-
Grundy Research Center^ 
Levels of nitrogen fertilizer and manure applied to corn 
Zero nitrogen 134.52 Kg/h 8.97 ton/h 
Cropping system fertilizer nitrogen fertilizer manure 
Continuous com 9.29 6.53 0.76 
C-C-Sb 7.64 6.29 0.94 
C-C-O-M 11.17 7.99 1.39 
C—0—M—M 15.62 11.60 2.88 
C—C—0—M—M 14.10 10.27 1.90 
C—Sb—C-Q—M 10.53 7.88 1.64 
^Averages based on seven years of data, 1970-1976. 
As the results in Table 24 indicate, the average energy efficiency 
ranged between .76 Kcal/Kcal for continuous com when 8.97 ton/h of 
manure was applied to 15.62 Kcal/Kcal for C-O-M-M when no nitrogen 
fertilizer was applied to com. 
The C-O-H-M had trie highest energy efficiency compared tc the ether 
rotations, and then decreased as the number of years of com in the 
rotations increased. The energy efficiency of different rotations 
ranged between 7.64 to 15.62 Kcal/Kcal when no nitrogen fertilizer was 
applied to com, and then decreased to 6.29 to 11.60 Kcal/Kcal when 
134.52 Kg/h nitrogen fertilizer was applied (Figure 19) . 
As previously mentioned, the high energy efficiency of C-O-M-M 
is due to the high energy efficiency of meadow by itself plus the effect 
of meadow on the energy efficiency of com in the rotation. 
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As at the other sites, the energy efficiency of the different 
rotations at the Shelby-Grundy Research Center was strongly affected 
by the level of fertilization. At the Shelby-Grundy site, use of 
nitrogen decreased energy efficiency in all systems. Manure, because 
of its high energy content, is a very inefficient source of fertilizer 
from em energy balance standpoint even though it may be a highly 
desirable soil additive from agronomic and economic viewpoints. 
A summary of the average amount of energy gained druing the period 
of rotation is presented in Table 25. The amount of energy gained 
differed in each rotation, was highest for the C-O-M-M rotation, and 
was lowest for all rotations when manure was applied to com. 
Table 25. Average energy gained in different cropping systems (million 
Kcal/h/period of rotation) at the Shelby-Grundy Research 
Center^ 
Level of nitrogen fertilizer and manure applied to corn 
Zero nitrogen 134.52 Kg/h 8.97 ton/h 
nitrogen fertilizer manure fertilizer 
Continuous com 75. ,52 98. 77 12. 59 
C-C-Sb 45 « . 56 59. 47 2 .84 
C-C-O-M 75. ,19 82. 29 26. 40 
C-O-M-M 95. 79 92. 64 67, .93 
C-C-O-M-M 114. 79 121, .80 61. 33 
C-Sb-C-O-M 93. 52 97, .62 43, .97 
Averages based on seven years of data, 1970-1976. 
•Hie average amount of energy produced and consumed for each crop in 
the rotation at the Shelby-Grundy Research Center is presented in Table 
26. 
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Table 26. Average amount of energy pre ;uced and cons'^ed for 
in rotation at the Shelby-Grundy Research Center 
each crop 
Year 
Crops 
in 
rotation 
Anount of energy 
invested 
(Kcal/h/year) 
Average amount of 
energy produced 
(Kcal/h/year) Ef ficienrv 
Rotation #1, continuous corn with no nitrogen fertilizer on corn 
1 
2 
3 
4 
Corn 2,277,575 21,158,672 9.29 
Total over 4-
year rotation 9,110,300 84 ,634,687 9.29 
Rotation #1, continuous corn with 134.52 Kg/h N fertilizer on corn 
1 
2 
3 
4 
Com 4,465,003 29 ,156,469 6.53 
Total over 4-
year rotation 17,860,012 116,625,878 6.53 
Rotation #1, continuous com with 8.97 ton/h manure on corn 
1 
2 
3 
Com 32,413,488 24,634,251 0.76 
4 " tl " 
Total over 4-
year rotation 129 ,653,952 OO CD"? 3 C. 76 
Rotation #2, com-corn-•soybean, with no nitrogen fertilizer on corn 
1 
2 
3 
Com 
Corr. 
Soybeans 
2,219,865 
2,219,865 
2,421,385 
21 ,732,478 
21 ,732,478 
8,949,124 
9.79 
9.79 
3.70 
Total over 3-
year rotation 6,861,115 52,424,080 7.64 
Rotation #2, corn-corn-soybean with 134.52 Kg/h N fertilizer on com 
1 Com 4,407,293 30,630,586 6.95 
2 Corn 4,407,293 30,630,686 6.95 
3 Soybeans 2 ,421,385 9,443,401 3.90 
Total over 3-
year rotation 11,235,971 70,704,773 6.29 
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Table 26. (Continued) 
Crops Amount of energy Average amount of 
in invested energy produced 
Year rotation (Kcal/h/year) (Kcal/h/year) Efficiency 
Potation #2, com-com-soybean with 8.97 ton/h manure on com 
1 Corn 3,187,865 26,453,648 0.83 
2 Com 3,187,865 26,543,648 0.83 
3 Soybeans 2,421,385 9 ,419,188 3.89 
Total over 3-
year rotation 8,797 115 62,326,484 0.94 
Rotation #3C-O-M-M with no nitrogen fertilizer on com 
1 Com 
2 Oats 
3 Meadow 
4 Meadow 
2,208,323 
1,612,525 
1,364,988 
1,364,988 
31,799,851 
8,191,627 
31 ,176,632 
31 .176 .632 
14.40 
5.08 
22.84 
22.84 
Total over 4-
year rotation 6,550,824 102 ,344,742 15.62 
Rotation #3, C-O-M-M with 134.52 Kg./h N fertilizer on com 
1 Corn 
2 Oats 
3 Meadow 
4 Meadow 
4,395,751 
1,612,525 
1,364,988 
1,364,988 
32 ,001,067 
9,836,402 
29,770,388 
29,770,388 
7.28 
6.10 
21.81 
21.81 
Total over 4-
year rotation 8,738,252 101,378,245 11.60 
T.T ^ 4-"K Q O *7 /Vi T nartiTvo r>n r*o>Ti 
1 Com 
2 Oats 
3 Meadow 
4 Meadow 
31,860,323 
1,612,525 
1,364,988 
1,364,988 
33,134,736 
9,739,651 
30,630,331 
30 ,630,331 
1.04 
6.04 
22.42 
22.42 
Total over 4-
year rotation 36,202 ,824 104,135,048 2.88 
no nitrogen fertilizer on com 
1 Com 
2 Com 
3 Oats 
4 Meadow 
2,208,323 
2,208,323 
1,612,525 
1,364,988 
24,357,803 
24,357,803 
7,046,734 
26,822,014 
11.03 
11.03 
4.37 
19.65 
Total over 4-
year rotation 7,394,159 82,584,354 11.17 
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Table 26. (Continued) 
Crops Amount of energy Average amount of 
in invested energy produced 
Year rotation CKcal/h/year) (Kcal/h/year) Efficiency 
Rotation #4, C-C-O-M with 134.52 K /h N fertilizer on com 
1 Com 4,395,751 30,506,512 6,95 
2 Com 4,395,751 30,506,512 6.95 
3 Oats 1,612,525 7,885,247 4.89 
4 Meadow 1,364,988 25,156,729 18.43 
Total over 4 -
year rotation 11,769,015 94,055,000 7.99 
Rotation #4, C-C-O-M with 8.97 ton/h manure on corn 
1 Com 31,860,323 28,037,084 0.88 
2 Com 31,860,323 28,037,084 0.88 
3 Oats 1,612,525 7,691,744 4.78 
4 Meadow 1,364 ,988 29,333,592 21.49 
Total over 4-
year rotation 66,698,159 93,099,504 1.39 
Rotation #5, C-C-0^-M with no nitrogen fertilizer on com 
1 Com 2,208,323 26,124,461 11.83 
2 Corn 2,208,323 26,124,461 11.83 
3 Oats 1,612,525 7,449,865 4.62 
4 Meadow 1,364,988 31,913,419 23.38 
5 Meadow 1,364,988 31,913,419 23.38 
Total over 5-
B. ?49 -1 123-525.525 14 • 10 
Rotation #5, C-C-0^-M with 134.52 Kg/h N fertilizer on com 
1 Com 4,395,751 30,594,427 6.96 
2 Com 4 , 39 5 , 751 30,594,427 6.96 
3 Oats 1,612,525 9 ,868,653 6.12 
4 Meadow 1,364,988 31,940,719 23.40 
5 Meadow 1,364,988 31,940,719 23.40 
Total over 5-
year rotaticai 13,134,003 134,936,944 10.2 7 
Rotation #5, C-C-O-M--M with 8.97 ton/h manure on com 
1 Com 31,860,323 28,037,084 0.88 
2 Corn 31,860,323 28,037,084 0.88 
3 Oats 1,612,525 8,594,758 5.33 
4 Meadow 1,364,988 32,363,865 23.71 
5 Meadow 1,364,988 32,363,865 23.71 
Total over 5-
year rot ation 68,063,147 129,396,657 1.90 
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Table 26. (Continued) 
Year 
Crops 
in 
rotation 
Amount of energy 
invested 
(Kcal/h/year) 
Average amount of 
energy produced 
(Kcal/h/year) Efficiency 
Rotation #6, C-Sb-C-O-M with no nitrogen fertilizer on com 
1 
2 
3 
4 
5 
Total over 5~ 
year rotation 
Com 
Soybeans 
Com 
Oats 
Meadow 
2,208,323 
2,421,385 
2,208,323 
1,612,525 
1,364,988 
26,897,374 
10,048,748 
25,897,374 
7,691,744 
31,804,220 
12.18 
4.15 
12.18 
4.77 
23.30 
9,815,544 103,339,460 10.53 
Rotation #6, C-Sb-C-O-M with 134.52 Kg/h N fertilizer on com 
1 
2 
3 
4 
5 
Com 
Soybeans 
Com 
Oats 
Meadow 
Total over 5-
year rotation 
4,395,751 
2,421,385 
4,395,751 
1,612,525 
1,364,988 
31,517,535 
10,048,748 
31,517,535 
9,691,275 
29,033,295 
7.17 
4.15 
7.17 
6.01 
21.27 
14,190,400 111,808,388 7.88 
Rotation #6, C-Sb-C-O-M with 8.97 ton/h manure on com 
1 
2 
3 
4 
Total over 5-
year rotation 
Com 
Soybeans 
Com 
Oats 
31,860,323 
2,421,385 
31,860,323 
1,612,525 
30,585,910 
9,879,251 
30,585,910 
8,723,760 
0.96 
4.08 
0.96 
5.41 
24.41 
69 ,119,544 113,094,187 1.64 
D. Comparison of Energy Efficiency at 
Three Different Research Centers 
1. Comparison between energy efficiency of different crops in different 
locations 
Individual crops within each location were selected to compare their 
energy efficiencies. To make a better comparison, the average energy 
efficiency of continuous com at different levels of nitrogen fertilizer 
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was used as a standard to cctnpare with soybeans, oats and meadow. This 
comparison is shown in Table 27. 
Table 27- Average energy efficiency of individual crops in three 
different locations 
Crop 
Clarion-Webster Galva-Primghar Shelby-Grundy 
Research Center^ Research Center^» Research Center^ 
Com 
0 Kg/h N fertilizer 7.11 
134.52 Kg/h N ferti­
lizer 5.52 
201.78 Kg/h N ferti­
lizer 4.71 
Oats 4.39 
Meadow 28.09 
Soybeans 4.53 
7.22 
5.89 
7.08 
27.60 
3.60 
9.29 
6.53 
5.57 
5.29 
22.45 
3.98 
Average energy efficiencies are based on 12 years of data, 1965-
1976, except for 201.78 Kg/h nitrogen fertilizer rate which was estab­
lished in 1971. 
^Averages are based on 12 years of data, 1965-1976. 
"^Averages are based on 7 years of data, 1970-1976. 
According to Table 27, individual crops in different locations had a 
wide range of energy efficiencies. The lowest average energy efficiency 
belonged to soybeans (3.60 Kcal/Kcal consumed), and the highest was 28.08 
Kcal/Kcal, belonging to meadow. 
The average energy efficiency of com was higher at the Shelby-Grundy 
Research Center when compared to the other locations^ This was true for 
all levels of nitrogen fertilizer. The average energy efficiencies were 
9.29, 6.53, and 5.57 Kcal/Kcal consumed when 0, 134,52, and 201.78 Kg/h 
nitrogen fertilizer levels, respectively, were applied at Shelby-Grundy 
Research Center. 
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The energy efficiency of oats was higher at Galva-Primghar than for 
the other two locations. It was 7.08 Kcal/Kcal consumed at Galva-Primghar 
compared to 52.9 and 4.39 Kcal/Kcal for Shelby-Grundy and Clarion-Webster 
Reseairch Centers, respectively. 
The energy efficiency of meadow was highest at the Clarion-Webster 
station when compared to the other two locations. The average energy 
efficiencies of meadow were 28,09, 27.60, and 22.45 Kcal/Kcal consumed 
at the Clarion-Webster, Galva-Primghar, and Shelby-Grundy Research 
Centers, respectively. 
The energy efficiency of soybeans was lowest when compared to the 
other crops. The highest energy efficiency for soybeans was at Clarion-
Webster Research Center, 4.53 Kcal/Kcal consumed, followed by 3.9 8 
Kcal/Kcal at the Galva-Primghar station and 3.60 Kcal/Kcal at the 
Shelby-Grundy station. 
In summary, individual crops have different energy efficiencies. 
Not only was the energy efficiency of each crop different, but it was 
zlzc zffscted by the different locations. Haximuin energy efficiency of 
meadow and soybean occurred at the Clarion-Webster Research Center, 
maximum energy efficiency of corn occurred at the Shelby-Grundy station, 
and oats at the Galva-Primghar site. 
2. Comparison between average energy efficiency of com in different 
rotaticms at three different locations 
A comparison was made between average energy efficiency of com in 
different rotations at the three different locations to determine which 
location was more efficient in terms of energy efficiency. The average 
energy efficiency of Shelby-Grundy Research Center was based on sever. 
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years of data (1970 to 1976), and Galva-Primghar and Clarion-Webster 
data were based on 12 years of records (1965-19 76) . One exception 
was the 33.63 Kg/h nitrogen fertilizer rate at the Clarion-Webster 
Research Center which was changed to 201.78 Kg/h in 1971. 
The average energy efficiency of corn in different rotations at 
different locations is summarized in Table 28. 
Table 28. Effect of different locations on the energy efficiency of 
com in rotation 
Cropping 
rotation location 
Level of nitrogen fertilizer 
to com (Kg/h) 
applied 
0 134.52 201.78 
Continuous com Clarion-Webster 4.16 5.52 4.71 
Galva-P rimghar 7.22 5.90 
Shelby-Grundy 9.29 6.52 5.57 
C—0—M—M Clarion-Webster 11.36 6.74 5.24 
Galva-P rimghar 12.64 — — 
Shelby-Grundy 14.40 7.28 
C—C—0—M Clarion-Webster 9.40 6.27 5.17 
Galva-Primghar 10.76 
Shelby-Grundy 11.03 6.94 
The only possible comparisons that could be selected were between 
continuous com, C-0^4-M, and C-C-O-M at three levels of nitrogen ferti­
lizer. According to Table 28, the energy efficiency of com differed, 
both in regard to the amount of nitrogen fertilizer applied, and to the 
location of the experiment. In general, the energy efficiency of continu­
ous com was higher at Shelby-Grundy Research Center than at the other 
two locations. 
The energy efficiency of continuous com at the Shelby-Grundy 
Research Center was 9.29 Kcal/Kcal consumed, which then decreased to 
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7.22 at Galva-Primghar and 4.16 at Clarion-Webster when no nitrogen 
fertilizer was applied. As the amount of nitrogen fertilizer applied 
increased, the energy efficiency decreased. Energy efficiency was 5.57 
Kcal/Kcal consumed at Shelby-Grundy when 201.78 Kg/h nitrogen fertilizer 
was applied as compared to 4.71 Kcal/Kcal at Clarion-Webster. 
The additional energy efficiency gained due to the different 
locations, when no nitrogen fertilizer was applied., was 2.07 Kcal/Kcal 
when com was planted at Shelby-Grundy instead of at Galva-Primghar, 
and 5.13 Kcal/Kcal when com was planted at Shelby-Grundy instead of 
at Clarion-Webster. These respective amounts decreased to 0.62 and 
1.00 Kcal/Kcal consumed when 134.52 Kg/h nitrogen fertilizer was applied 
to com. 
A conparison also was made on the energy efficiency of com in the 
C-O-M-M rotation at the three different locations. The energy efficiency 
of com in the C-O-tl-M rotation was highest when no nitrogen fertilizer 
was applied: 14.40, 12.64, and 11.36 Kcal/Kcal consumed for Shelby-
Grundy,. Galva-Primghar, and Clarion-Webster, respectively. The average 
energy efficiency of com in the C-O-M-M rotation decreased when 134.52 
Kg/h of nitrogen fertilizer was applied: 7.45 Kcal/Kcal at Galva-
Primghar, 7.28 Kcal/Kcal at Shelby-Grundy, and 6.74 Kcal/Kcal at Clarion-
Webster. Thus energy efficiency was greatest at Shelby-Grunety Research 
Center when no nitrogen fertilizer was applied, and at Galva-Primghar 
Research. Center when 134.52 Kg/h of nitrogen fertilizer was applied. 
In summeiry, the energy efficiency of corn ranged between 4.16 to 
14.40 Kcal/Kcal in different rotations at different locations. The 
difference was significant at a lower rate of nitrogen fertilizer than 
110 
for a higher rate. As the amount of nitrogen fertilizer applied was 
increased, the difference in the energy efficiency of com due to 
different locations was decreased. 
3. Comparison between average energy efficiency of entire crop rotation 
at different locations 
Average energy efficiency of entire crop rotation at different loca­
tions is summarized in Table 29. The results are based on seven years of 
data (1970 to 1976) for Shelby-Grundy and 12 years of data (1965 to 1976) 
for Galva-Primghar and Clarion-Webster Research Centers, except for the 
201.78 Kg/h nitrogen fertilizer rate which was established in 1971. 
Table 29. Average energy efficiency of entire crop rotation at different 
locations 
Cropping rotation Location 
Level of nitrogen 
applied to com 
0 134.52 
fertilizer 
(Kg/h) 
201.78 
Continuous com Clarion-Webster 4.16 5.52 4.71 
Galva-Primghar 7.22 5. 90 
Shelby-Grundy 9.29 6.53 5.57 
C-O-M-M Clarion-Webster 16.19 12.23 9.01 
Galva-Primghar 16.81 — — 
Shelby -Grundy 15.62 11 •60 
C-C-O-M Clarion-Webster 11.07 8.17 6.85 
Galva-Primghar 12.46 — — — 
Shelby-Grundy 11.17 7.99 
The average energy efficiency of continuous corn rotation at Shelby-
Grundy was the highest compared to the other locations. The average 
energy efficiency of continuous com was 9.29 Kcal/Kcal consumed for 
Shelby-Grundy, and it was 7.22 and 4.16 Kcal/Kcai for Galva-? riinghar 
and Clarion-Webster, respectively, when no nitrogen fertilizer had been 
applied. As the amount of nitrogen fertilizer applied increased, the 
average energy efficiency of continuous com rotation decreased. 
The average energy efficiency of the C-O-M-^ rotation was the 
highest when compared to other rotations, and the average energy effi­
ciency belonging to the Galva-Primghar experiment was the highest when 
compared to other locations. When no nitrogen fertilizer had been 
applied, the energy efficiency of C-O-M-M was 16.81 Kcal/Kcal for Galva-
Primghar, which then decreased to 16.19 for Clarion-Webster and 15.62 
for Shelby-Grundy. As the nitrogen fertilizer was increased to 
134.52 Kg/h, the average energy efficiency decreased to 12.23 Kcal/Kcal 
and 11.60 Kcal/Kcal for the Clarion-Webster and Shelby-Grundy Research 
Centers, respectively. 
The average energy efficiency of C-C-O-M was highest at Galva-
Primghar, 12.46 Kcal/Kcal; followed by Shelby-Grundy, 11.17 Kcal/Kcal; 
and then Clarion-Webster, 11.07 Kcal/Kcal. The average energy efficiency 
of the C-C-O-M rot^tron was second highest when compared to other 
rotations. 
In general, the highest average energy efficiencies of the C-O-M-M 
and C-C-O-M rotations were obtained at the Galva-Primghar Research 
Centers. For the continuous com rotation, the highest average energy 
efficiency was c±)tained at the Shelby-Grundy Research Center. The energy 
efficiencies of individual crops, com and meadow, at the Galva-Primghar 
Research Center caused the energy efficiencies of the C-O-M-M and C-C-O-M 
to be highest at Galva-Primghar when ccsnpared to the other locations. 
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The average amounts of energy gained (output energy minus input 
energy) during the four-year period for each rotation at different loca­
tions are summarized in Table 30-
Table 30. Average amount of energy gained over four-year rotation 
at different locations (million Kcal/h/4 years) 
Level of nitrogen fertilizer 
applied to com (Kg/h) 
Cropping rotation Location 0 134.52 201.78 
Continuous com Clarion-Webster 39.59 96.18 95.17 
Galva-Primghar 55.28 86.42 — 
Shelby-Grundy 75.52 98.77 — 
C-O-M-M Clarion-Webster 105.63 104.61 81.95 
Galva-Primghar 97.33 — 
Shelby-Grundy 95.79 92.64 — 
C-C-O-M Clarion-Webster 88.47 94.34 89.83 
Galva-Primghar 80.78 — — 
Shelby-Grundy 75.19 82.29 
According to the results in Table 30, the highest average amount of 
energy gained in the continuous corn rotation occurred at the Shelby-
Grundy location, and the average aircunt of energ-y gained was highest 
98.77 million Kcal/h/4 years, when 134.52 Kg/h nitrogen fertilizer was 
applied in this rotation. At the same rate of nitrogen fertilizer the 
average energy gains were 96.18 and 86.42 million Kcal/h/4 years, 
respectively, for Clarion-Webster and Galva-Primghar. 
The average amount of energy gained was highest in the C-O-M-M 
rotation when compared to continuous com and C-C-O-M rotations at 
two levels of nitrogen fertilizer applied to com. Average amounts of 
energy gained were 105.63, 97.33, and 95.79 million Kcal/h.4 years at 
Clarion-Webster, Galva-Primghar, and Shelby-Grundy, respectively, when 
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no nitrogen fertilizer was applied to corn. When 134.52 Kg/h nitrogen 
fertilizer was applied to corn in the C-O-M-M rotation, the average 
amount of energy gained was 104.61 and 92.64 million Kcal/h/4 years, 
respectively, for the Clarion-Webster and Shelby-Grundy locations. 
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VI. SUMMARY AND CONCLUSIONS 
The objective of this study was to determine the relative effi­
ciencies of energy production over a wide range of cropping systems, 
and to determine whether or not these efficiencies of production had 
been affected by soil and climatic differences at the different sites. 
A series of long-term rotation-fertility experiments, which have 
been conducted in Iowa over the past 60 years , furnished the data used 
to study the objectives. The experiments were conducted at three sites 
in Iowa: the Galva-Primghar Research Center near Sutherland, the 
Clarion-Webster Research Center near Kanawha, and the Shelby-Grundy 
Research Center near Beaconsfield. 
Each rotation experiment had some differences as well as some simi­
larities. The experiment at the Clarion-Webster Research Center was on 
Typic Haplaquolls. The experiment at the Galva-Primghar Research Center 
was on a Typic Hapludoll, and the soil at the Shelby-Grundy Research 
Center was an Aquic Argiudoll. All experiments contained comparisons 
of continuous com and corn in rotation with different combinations of 
soybeans, oats, and meadow. All experiments had each crop in each rota­
tion each year in a randomized block. Each experiment was replicated 
twice as variable N rates are applied to corn, and at the Galva-Primghar 
site to sorghum in each experiment. 
At all sites the highest efficiency of energy production as well as 
most net energy were obtained in the system that contained the most 
meadow and without any N fertilizer. In the C-O-M-M rotation at all 
three sites an input of one unit of energy returned about 16 units of 
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energy when no nitrogen was used. Corn, produced in a rotation so that 
the meadow crop furnished the nitrogen needs for the corn crop, was about 
equally efficient. Continuous com was produced at an efficiency ranging 
from about 4 to 9. 
Total net energy gained over the period of the rotation was increased 
by nitrogen fertilizers in any system that did not include a meadow. A 
maximum total net energy of about 100 million Kilocalories per hectare 
in four years was produced in all systems and at all sites, but with 
different mixes of nitrogen fertilizer in different systems. 
Inclusion of soybeans in the rotations reduced net energy 
efficiencies at all sites. Application of manure at the Shelby-Grundy 
site reduced energy efficiency to less than unity because of the high 
energy, even though low economic value, of the manure. When the energy 
contained in the manure was ignored, continuous corn produced with 
manure but no other nitrogen fertilizer was one of the more efficient 
energy systems. 
Total net energy and energy efficiency v:ere about when the 
entire com plant was harvested as compared to harvesting only the ear. 
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A. Appendix A 
Table Al. The actual amount of phosphorus and potash applied to crops at 
the Clarion-Webster Research Center 
Year 
Corn 
P205 K2O 
(Kg/h) 
aoypeans 
P2O5 K2O 
(Kq/h) 
uacs- neaaow 
P2O5 KpO 
(Kq/h) 
P2OC K2O 
(Kq/h) 
1965 67. 26 44. 84 67 .26 44. 84 (67.26)b (44.84) (67.26) (44.84) 
1966 67. 26 44. 84 67 .26 44. 84 (67.26) (44.84) (67.26) (44,84) 
1967 67. 26 44. 84 67 .26 44. 84 67.26 44.84 — — —  — 
1968 67. 26 44. 84 44 .84 44. 84 22.42 22.42 
1969 67. 26 44. 84 44 .84 44. 84 22.42 22.42 — 
1970 67. 26 44. 84 44 .84 44. 84 22.42 22.42 
1971 67. 26 44. 84 22 .42 22. 42 22.42 22.42 44.84 44.84 
1972 67. 26 89. 68 67 .26 67. 26 67.26 67.26 44.84 44.84 
1973 67. 26 67. 26 67 .26 67. 26 67.26 67.26 67.26 67.26 
1974 67. 26 84. 08 84 .08 84. 08 84.08 84.08 84,08 84.08 
1975 67. 26 67. 26 — — 
1976 (67. 26) 144. 84) (67 .26) (44. 84) (67.26) (44.84) (67.26) (44.84) 
Total 823. ,94 667. ,00 644 .58 554. ,90 577.32 487.74 442.80 375.54 
Average 68.66 55.58 53.71 46.24 48.11 40.63 36.90 31.29 
Value 
assumed 67.26 56.05 56.05 44.84 50.45 38.53 28.02 28.02 
^The amounts of P2O5 and K2O applied to oats and meadow are equal 
to the nijinber of years (plant life) times the rate for one year. 
^The amount of fertilizer which was obtained from the general 
information of the rotation experiment records is marked by parentheses. 
Table A2. The actual amount of phosphorus and potash applied to crops at the Galva-Primghcir 
Research Center 
Com 
Year 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
19 72 
1973 
1974 
19 75 
1976 
Total 
P2O5 K2O 
(Kg/h) 
89.68 
89.68 
89.68 
89.68 
89.68 
89.68 
89.68 
67.26 
67.26 
57.26 
67.26 
67.26 
11 .21  
11 .21  
11 .21  
11 .21  
11 .21  
11 .21  
11 .21  
xx*-
XX 
XX 
Soybeaas 
P2O5 
Oats s Meadow^ 
K2O 
(Kg/.i) 
964.06 78.47 
89.68 11.21 
89.68 11.21 
89.68 11.21 
89.68 11.21 
89.68 11.21 
89.68 LI.21 
(89.68) (LI.21)^ 
67.26 
67.26 
67.26 
67.26 
67.26 
964.06 78.47 
P2O5 K2O 
(Kg/h) 
67.26 
67.26 
67.26 
67.26 
67.26 
67.26 
(67.26) 
67.26 
67,26 
67.26 
67.26 
67.26 
807.12 
P2O5 K2O 
(Kg/h) 
Sorghum 
67.26 
67.26 
67.26 
67.26 
67.26 
67.26 
(67.26) 
67.26 
67.26 
67.26 
67.26 
67.26 
807.12 
P2O.5 K2O 
(Kg/h) 
22.42 11.21 
22.42 11.21 
22.42 11.21 
22.42 11.21 
22.42 11.21 
22.42 11.21 
22.42 11.21 
67.26 
67.26 
67.26 
67.26 
67.26 
493.24 78.47 
Average 
Valut! 
assumed 
80.33 6.53 
78.47 11.21 
80.33 6.53 
78.47 11.21 
67.26 
67.26 11.21 
67.26 
67.26 
41.10 
67.26 
6.53 
^Tlie amount of P2O5 and K2O applied to oats and meadow is dependent on the life of the plant. 
It iï! equal to numi)ers of years (plant life) times the rate for one year. 
^The amount of fertilizer which was obtained from the general information of the rotation-
experiment records is marked by parentheses. 
^In 1974 a new experiment started in rotation No. 6 with different amounts of K2O in (x>m 
only. 
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B. ^pendix B 
Table Bl. Energy requirement per unit fertilizer production (Kcal/Kg) 
Kcal psr Kg Xcal per Kg Kcal per Kg 
References^ of N of P20g of K2O 
Blaxter, J., 1974 19,841 3,196 2,204 
Barth, C. L., 1975 (59) 13,227 5,235 2,204 
Pimentai et al., 1973 (34) 17,637 3,197 2,205 
Eeichel, G. H., 1973 (17) 6,504 8,091 1,102 
Stansfield, 1975 16,723 3,345 1,911 
Cervinka et al., 1974 (53} 15,114 192 192 
Lougheed et al., 1975 (52) 18,525 3,285 2,316 
I.S.U. Environtology 
Council (60) 
22,507 2,952 
Total 130,078 29,463 12,134 
Ave rage 16,260 3,683 1733.428 
^The information is quoted from Blight et al. (11) , when it is not 
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C. ^pendix C 
Machinery and Fuel Energy Equivalent Requirement 
For Farm Equipment 
To calculate the energy expenditure of farm machinery for crop 
production the following procedure was followed. An example is given 
also in the explanation of the procedure. A paper by Clark and Johnson 
(32) was particularly helpful. 
1. The purchase price (column 1, Table CI) . Price of each item was 
obtained from the 1972 Midwestern Report (61). The price listed 
was for 1972: therefore, prices were multiplied by 1.4641 (using 
10% increase rate per year for items) to convert to prices in 
1975; 1972 moldboard price $1454 x 1.4641 = $2128, 1976 price. 
2. Estimated useful life (column 2) . Data were provided from the 
1972 Midwestern Report (61, p. 121): i.e., for moldboard, 
10 years. 
3. Estimated hours wear-out life of machine (column 3). Provided 
from the 1972 Midwestern Report (61) : i.e., 2,500 hours for 
moldboard. 
4. The number of hours each item usually will be used (column 4) . 
Estimated by dividing the estimated wear-out life in hours 
(column 3} by the useful life; i=e=.- 2-500/12 = 208 No. of 
hours moldboard was used per year. (Value adjusted to 200.) 
5. Average speed, MPH, operation width, ft, and field efficiency, 
by percent (columns 5, 6, and 7, respectively) were obtained 
from the 1972 Midwestern Report (61): i.e., using moldboard 
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plow, assume 4 MPH average speed, 5.8 ft width, and 80% 
efficiency. 
Field capacity of each item of machinery equipment (column 8) . 
Calculated by using this relationship: 
,, Width(ft)-speedCMPH)-efficiency(%) 
Field Capacity = gJs 
i.e., for moldboard, 
Field Capacity = ^^ x 80 _ 2.25 acre/hr. 
The percentage annual repair cost values (column 9). Provided 
from the 1972 Midwestern Report (61, p. 125): i.e., for 
moldboard, 5%. 
Repair dollar cost (column 10). Calculated by multiplying 
column 9 by column 1 and then dividing by the number of hours 
each item was used (column 4) . This procedure was followed 
for tractor and the results were added together and then divided 
by the field capacity (column 8) of each item: 
. C . f JLC WCU.1. J. U C*-»- f 
$2,128 X 5% _ ^ S.532 + .82 = $1.352/hr 
200 hr/yr ~ 
and then for tractor, 
$1.352/hr _ ^ 
$18,740 X 3.5% 2.25 acre/hr 
800 hr/yr " ' 
repair dollar cost for moldboard = $.6/acre. 
Assume 45,590 Btu/dollar is a factor for conversion (Clark and 
Johnson, 32). Then multiply the purchase price (column 1) by 
11,490 Kcal/dollar to obtain the manufacturing and distribution 
energy per Kcal (column 11) : 
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i.e., $2,128 X 11,490 Kcal/$ = 
24.45 X 10^ Kcal for moldboard. 
10. Energy charge (column 12) . Calculated by dividing the manu­
facturing energy (column 11) by the estimated wear-life of 
machine (column 3): i.e., for moldboard 
24.45 X 10^ Kcal/2,500 hr = 9,780 Kcal/hr. 
11. Column 13. This is simply the energy charge of the item plus 
the tractor energy charge: i.e., for moldboard 
17,943 Kcal/hr + 9,780 Kcal/hr = 27,727. 
12. Manufacturing energy per acre (column 14). Obtained by 
dividing the manufacturing energy Kcal/hr (column 13) by 
field capacity (column 8): i.e., for moldboard 
27,724 Kcal/hr/2.25 acre/Tir = 12,321 Kcal/acre. 
13. Energy equivalent for repair (Kcal/acre) (column 15). Obtained 
by multiplying the repair cost $/acre (column 10) by 11,490 
Kcal/dollar: i.e. , for moldboard 
C  C  / 3  V  1 1  / l O  n  V o  1  / <  =  A  .  P Q Z l  / a  r » > * o  .  
14. Amount of fuel required (column 16). Obtained from data pre­
pared by Hull and Himing (62): for moldboard 2.7 gal/acre. 
15. Energy equivalent for fuel (column 17). Obtinaed by multiply­
ing the fuel required gal/acre (column 16) by the energy 
equivalent for fuel (31,248 Kcal/gal): i.e., for moldboard 
31,248 Kcal/gal x 2.7 gal/acre = 84,370 Kcal/acre. 
16. Total energy equivalent (column 18) in Kcal/acre. Provided by 
adding columns 14, 15, and 17 and also adding 500 Kcal/acre for 
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tires and oil: i.e., for moldboard 
12,321 + 6,894 + 84,370 + 500 = 104,085 Kcal/acre. 
Table Cl. Estimate'd energy requirements for farm machinery^ 
Purchase Es timated Estimated Estimated Avg. Operation Field Field 
price, useful machine annual speed width effic. capacit: 
Machine $ life, yr life, hr use, hr MPH ft % acre/h: 
(1) (2) (3) (4) (5) (6) (7) (8) 
100 hp tractor 18,740 12 12 ,000 800 
ÎS, 14" moldboard 2,120 10 2,500 200 4 5.8 80 2.25 
12 ft chisel plow 1,390 12 2,500 200 5 12.0 80 5.82 
12 ft tandem disk 1,610 12 2,500 200 5 12.0 80 5.82 
20 ft spike-tooth- 440 12 2 ,500 200 6 20.0 80 11.64 
20 ft field cultivator 3,510 14 2,500 170 4 20.0 80 7.75 
4-row 40" row plani;er 2,630 12 1,200 99 5 13.3 65 5.24 
12 ft grain drill 2,340 12 1,200 90 5 12.0 75 5.45 
7 ft mower + conditioner 1,460 12 2 ,000 150 5 7.0 80 3.40 
Hay rake 4,020 12 2,500 200 6 7.0 80 3,40 
Baler 4,020 8 2,500 300 6 ton/hr 75 3.67 
14 ft combine 22,760 10 2 ,000 190 3 14.0 80 4.07 
2-row com picker 5,050 10 2 ,000 190 3 6.6 75 1.80 
4-row com head, silage 7,610 12 2,000 150 5 13.3 75 6.04 
0-row trailer fert. sp. 1,090 8 1,200 130 4 26.6 65 8.38 
12 ft rotary stalk chop. 2,270 8 2,000 220 5 12.0 75 5.45 
Manure spreader 2,780 14 2,500 160 5 6.0 75 2.18 
Manure loader 1,390 12 2 ,500 200 80 2.75 
4-row 40" row crop cult. 1,610 12 2,500 200 4 13.3 80 5.16 
4-row 40" rotary hoe 1,025 14 2,000 130 7 13.3 70 7.90 
®See previous pages for explanation and sources. 
Table Cl. (Continued) 
Annual Mfg. and < 
repair Re]) air energy 
cost cost equivalei 
Machine % $/.a million 1 
(9) ( LO) (11) 
100 hp tractor 3.5 215.32 
5, 14" moldboard 5.0 0 .(50 24.45 
12 ft cMsel plow 7.0 0 . 2 2  15.97 
12 ft tandem disk 3.0 0 ,18 18.49 
20 ft spike-tooth 1.0 0 .07 5.05 
20 ft field cultivator 3.5 0 .20 40.32 
4-row 40" row planter 2.0 0 .26 30.21 
12 ft grain drill 1.5 0 .22 26.88 
7 ft mower + conditioner 3.5 0 .34 16.77 
Hay rake 2.0 0 .35 46.18 
Baler 3.0 0 .33 46.18 
14 ft combine 3.0 1 .08 261.51 
2-row com picker 3.0 0. ,97 67.21 
4-row com head, silage 5.0 0 , .55 87.43 
8-rcw trailer fert. sp. 5.0 0, 14 12.52 
12 ft rotary stalk chop. 1.0 0, .17 26.08 
Manure spreader 1.5 0.49 26.19 
Manure loader 3.5 0. ,38 15.97 
4-row 40" row crop cult. 3.5 0. ,21 18.49 
4-row 40" rotary hoe 1.0 0, ,11 11.77 
Manufacturing Energy 
Energy energy equivalent 
charge equivalent for repair 
Kcal/h Kcal/h Kcal/a Kcal/a 
(12) (13) (14) (15) 
17,943 
9,780 27,724 12 ,321 6,894 
6,388 24,332 4,182 2,527 
7,399 25,343 4,354 2,068 
2,022 19,966 1,715 804 
16,131 34,075 4,397 2,298 
25,182 43,126 8,230 2,987 
22,405 40,349 7,403 2,528 
8,387 26,331 7,744 3,907 
18,476 36,419 10,711 4,021 
18,476 36,149 9,923 3,792 
130,756 130,756 32,126 12,409 
33,608 33,608 18,671 11,145 
43,719 43,719 7,238 6,319 
10,436 28,380 3,387 1,723 
13,041 30,984 5,685 1,953 
12,777 30,720 14,091 5,630 
6,388 2,433 8,848 4,366 
7,399 25,343 4,911 2,413 
5,888 23,832 3,016 1,264 
Table Cl. (Continued) 
Fucîl 
requ:Lr, 
Machinery qal/ac 
(16) 
100 hp tractor 
5, 14" moldboard 2.70 
12 ft chisel plow 1.70 
12 ft tandem disk 0.!)5 
20 ft spike-tooth 0 • ()5 
20 ft field cultivator 1.15 
4-rcw 40" row planter 0.70 
12 ft grain drill 0.30 
7 ft mower + condi tioner 0 . 3 5  
Hay rak^ 0.35 
Baler 0.IS5 
14 ft combine 1. 70 
2-row corn picker 1. 75 
4-row corn head, silage 2.00 
8-row trailer fert. sp. 0. LO 
12 ft rotary stalk chop. 0.65 
Manure spreader 1.50 
Manure loader 2.50 
4-row 40" row crop cult. 0.30 
4-ruw 40" rotary hoe 1.00 
bHull and Hirning (62). 
Energy Total energy 
equivalent equivalent 
for fuel for equipment 
Kcal/a Kcal/a Kcal/h 
(17) (18) 
84,370 104,085 257,194 
53,121 60,330 149,075 
29,685 36,607 90,456 
20,311 23,330 57,648 
35,935 43,130 106,574 
21,874 33,591 83,003 
15,624 26,055 64,382 
26,560 38,711 95,655 
10,937 26,169 64,663 
20,311 34,526 05,314 
53,121 98,156 242,54 3 
54,684 85,000 210,035 
62,496 76,553 189,162 
3,124 8,734 21,582 
20,311 28,449 70,297 
46,872 67,093 165,787 
78,120 91,834 226,922 
18,749 26,573 65,662 
31,248 36,028 89,025 
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D - Appendix D 
Table Dl. Actual amounts of herbicides and pesticides applied to com 
in rotation-fertilizer experiment at the Galva-Primghar 
Research Center, 1965-1976 
Name Amount 
of applied 
Year material (Kg/h) Remarks Plots where applied 
1965 Aldrin 2. 24 Using 0.48 Kg/liter A2-3-4-5,C2 
Diazinon 1. 12 Using 14G material Al—6,B6,C1—6,D1—3—6 
Atrazine 3. 36 Using 80W material Al-3-6,Bl-6,Cl-6,Dl-6 
D D T  1. 68 Using 25% material On all 
D D T  X • 68 Using 25% material On all 
1966 Aldrin 2. 24 Using 0.48 Kg/liter All com except A3-4 
Diazinon 1. 12 Using 14G material All com following com 
Atrazine 1. 68 Using 80W material All com on rot. 1,6 
Atrazine 3. ,36 Using 80W material All com on B3 
D D T  1, 68 Using 25% material All except rot 6 
1967 Aldrin 2. ,24 Using 0.48 Kg/liter A2,C2-3-4-5 
Diazinon 1. ,12 Using 14G material All com following com 
Ramrod 1. 68 In 14 inch band A2,C2,B4,C5 
Atrazine 3. 36 Using 80W material Continuous com, 3C 
D D T  1, 68 Using 25% material All except rot 6 
1968 Aldrin 2, .24 Using 0.48 Kg/liter All except rot 3,4 of C 
Bux 10 1, .12 Using 10% granules All com following com 
Ramrod 1, .68 Using 20% material On 2C,D,3C,4C,5D 
Atrazine 1, . 68 Using O Q- ^ ^ T WW 0 m C tJTT 1 C. f-T 1 e. 
Atrazine 3. 36 Using 80% material On D3 
Atrazine 1. 68 Using 80% material On BI,1,6,CII,1,6,D2,1 
D D T  1. 68 Using 25% material All except rot 6 
1969 Aldrin 2 .24 Using 0-48 Kg/liter On A2-3-4-5 and C2 
Bux 10 1 .12 Using 10% granules On Al and 6 
Ramrod 1 .68 Using 20% granules On rot 2, 5 
Bux 10 1 .12 Using 10% granules Bl-6,Cl-6,Dl-6,3,4 
Ramrod 1 .68 Using 20% granules C2,D3-4 
Atrazine 3 .36 Using 80W matericil On rot 1,6,Phase A,B,C, 
Diazinon 1 .12 Using 14G material On com borer control 
1970 Aldrin 2 .24 Using 0.48 Kg/liter On Phase A,B,C,D 1-6 
Ramrod 1 .68 Using 20% granules All except 3B 
Furadan 1 .12 Using 10% granules All com after com 
Aatrex 3 .36 Using 80W material On rot B3 
Diazinon 1 .12 Using 14G material All continuous com 
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Table Dl. (Continued) 
Name Amount 
of applied 
Year material (Kg/h) Remarks Plots where applied 
1971 No information 
1972 Ramrod 11. 21 Using 20% granules All except on D3 
Furadan 11, .21 Using 10% granules On com after com 
Aatrex 4 .20 Using 80 W material On D3 
Diazinon 1, .12 Using 14G material All continuous com 
1973 Furadan 11 .21 Using 10% granules Com after com 
Ramrod 11 .21 Using 20% granules On rot 2,5,D3-4 
Aatrex 3 . 36 Using SOW material On rot 1,6 and 3A 
1974 Ramrod 11 .21 Using 20% granules All except B3 
Furadan 11 .21 Using 10% granules Com following com 
Aatrex 4 .20 Using SOW material On B3 
1975 Furadan 11 .21 Using 10% granules On com 
Ramrod 11 .21 Using 20% granules All except C3 
Aatrex 3 .92 Using SOW material On C3 
1976 Ramrod 11 .21 Using 20% granules 
Furadan 7 .28 Using 10% granules Com following com 
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Table D2. Actual amounts of herbicides and pesticides applied to crops 
in rotation-fertilizer experiment at the Clarion-Webster 
Research Center, 1965-1976 
Name of Amount 
Year Crop material applied 
1965 No information 
1966 No information 
1967 Com Aldrin 1.82 liter/h 
Ramroi 2.27 Kg/h 
Meadow 2-4D 0.95 liter/h 
DDT 0.91 Kg/h 
1968 Com Heptachlor 3.64 liter/h 
Ramrod 4.53 Kg/h 
Diazinon 4.53 Kg/h 
DDT 6.80 Kg/h 
Soybeans Ramrod 4.53 Kg/h 
1969 Com Heptachlor 3.64 liter/h 
Ramrod 4.53 Kg/h 
DDT 4.53 Kg/h 
Soybeans Treflan 0.95 liter/h 
Oats 2-4D 0.47 liter/h 
Meadow 2-4D 0.47 liter/h 
1970 Com Heptachlor 3.64 liter/h 
Ramrod 2.72 Kg/h 
Diazinon 4.53 Kg/h 
DDT 4.53 Kg/h 
Soybeans Ramrod 2.72 Kg/h 
Oats 2-4D 0.47 liter/h 
Meadow 2-4D 0.95 liter/h 
1971 Com Heptachlor 0.95 liter/h 
Ramrod 3.63 Kg/h 
Diazinon 4.53 Kg/h 
Soybeans Ramrod 3.63 Kg/h 
1972 Com Heptachlor 0.95 liter/h 
Ramrod 4.53 Kg/h 
Diazinon 6.80 Kg/h 
Soybeans Ramrod 4.53 Kg/h 
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Table D2. (Continued) 
Name of Amount 
Year Crop material applied 
1973 Com Heptachlor 0.95 liter/h 
Diazinon 4.53 Kg/h 
Lasso 1.82 liter/h 
Soybeans Lasso 1.82 liter/h 
1974 Com Aldrin 1.82 liter/h 
Diazinon 4.53 Kg/h 
Lasso 1.82 liter/h 
Oats 2-4D 0.47 liter/h 
Meadow Roundup 4.73 liter/h 
1975 Com Diazinon 6.80 Kg/h 
Lasso 1.82 liter/h 
Soybeans Lasso 1.82 liter/h 
Oats DDT 3.78 liter/h 
Meadow Roundup 1.82 liter/h 
DDT 3.78 liter/h 
1976 No information 
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E. Appendix E 
Table El. Estimated energy required to make one unit of herbicide and 
pesticide 
Reference Brand Name Kcal per Kg 
Pimentai et al. (34) 
Leach and Slesser (63) 
Leach and Slesser (63) 
Leach and Slesser (63) 
Green and McCulloch (54) 
Green and McCulloch (54) 
Green and McCulloch (54) 
Green and McCulloch (54) 
Total 
Average 
Herbicide 
Pesticide 
D D T  
2-4D 
M C P A 
Diuron 
Atrazine 
Triffuralin 
24,200 
24,245 
24,245 
24,245 
31,200 
64,815 
45,610 
36,000 
274,560 
34,320 
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F. Appendix F 
Table Fl. Estimated energy conversion for corn silage and alfalfa 
Croo Kcal/ton of drv matter Reference 
Com waste 
Com silage 
Com silage 
Com stalk 
Com silage 
Average 
Alfalfa 
Alfalfa 
Average 
4.40 X 10® 
4.27 X 106 
3.61 X 10® 
3.61 X 10® 
3.61 X 10® 
3,90 X 10® 
3.61 X 10® 
3.61 X 10® 
3.61 X 10® 
Bailie et al. (64) 
Green (65) 
Kenç) and Szego (66) 
Buchele (67) 
Szego and Kenp (68) 
Clausen et al. (D 
Szego and Kemp (68) 
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G. Appendix G 
Table Gl. 1000 Kcal and 1000 Btu contained in one unit of energy source^ 
Energy' source Unit 1000 Kcal 1000 Btu 
Gasoline gallon 31.248 124.000 
Diesel fuel gallon 35.280 140.000 
LP gas gallon 23.814 94.500 
Natural gas 1000 feet^ 269.010 1,067.500 
Electricity^ KWH 2.661 10.560 
^Cervinka et al. 153). 
^Electricity generating efficiency assumed to be 32.29 percent (10), 
Table G2. Energy conversion factors' 
]. Bt;u 
1 Kcal 
1 Joule 
1 
1 Ft-Uî 
1 Bta 
1 
3.9683 
1 Barrel 
crude oil 5,800,000 
1.284x10-3 
1 Kcal 
.252 
1 
1,461,600 
3.241x10-4 
1 Kg-meter 1 KWH 
1 Barrel 
crude oil 1 Ft-lb 
107.514 
426.649 
9.4845x10-4 2.3885x10-3 .1019716 
3,409.52 859.184 367,098 
.13825 
2.93x10-4 
1.622x10"^ 
6.2358x10® 1,699.4 
3.766x10 -7 
1.724x10 -7 
6.842x10 -7 
777.65 
3,085.96 
2.7777x10-7 1.635x10-10 .73756 
5.878x10-4 2,655,220 
4.5104x10" 
2.2138x10 1 
^Cervinka et al. (53). 
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H. Appendix H 
Table HI. Total energy equivalent consumed, Kcal per hectare, for 
different crops in rotation-fertilizer experiment at 
Clarion-Webster Research Center 
Type of input Com Soybeans Oats Meadow 
Labor 496,810 419,298 264,276 349,168 
Machinery and fuel 1,051,477 1,083,986 546,909 549,998 
Fertilizer 
Nitrogen 
P2O5 247,718 206,432 185,808 103,198 
K2O 97,134 77,408 66,772 48,559 
Manure — —— —— —— 
Seeds for planting 172,693 438,392 379,190 55,230 
Heriaicides and Pesticides 115,420 38,473 46,168 
Total 2,065,832 2,341,236 1,481,428 1,152,321 
^According to plan. 
Tabla H2. Total energy equivalent consumed, Kcal per hectare, for different crops in rotation-
fertiliser experiment at Galva-Primghar Research Center 
T'ype of input 
Labor 
Machinery and fuel 
Fertilizer 
Nitrogen 
P2O5 
KgO 
Manure 
Seeds for planting 
Herbicides and pesticides 
Total 
com 
496,810 
1,051,477 
21)9,005 
L9,247 
172,693 
a 
Sorghum 
452,716 
1,083,984 
_a 
247,718 
23 ,654 
134,657 
Soybeans Oats 
419,298 
1,083 ,986 
289,005 
19,427 
438,392 
115,420 
264,276 
546,909 
247,718 
19,427 
3 79,190 
38,473 
Meadow 
349,168 
549,998 
247.718 
55,230 
46,168 
2,029,412 1,942,729 2,365,528 1,495,993 1,248,282 
^According to plan. 
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Table H3. Total energy equivalent consumed, Kcal per hectare, for 
different crops in rotation-fertilizer experiment at 
Shelby-Grundy Research Center 
Type of input Com Soybeans Oats Meadow 
Labor 
where manure applied 
as fertilizer^ 
where nitrogen ferti­
lizer applied 
Machinery and fuel^ 
where maniore applied 
as fertilizer 
where nitrogen ferti­
lizer applied 
Fertilizer 
Nitrogen 
PgOg 
KgO 
Manure 
Seeds for planting 
Heifcicides and pesticides 
Total : 
where manure applied 
as fertilizer 
where nitrogen ferti­
lizer applied 
590,560 
496,810 
419,298 
1,444,136 1,083,986 
1,051,477 
_c 
247,718 
116,561 
_c 
172,693 
_c 
247,718 
116,561 
438,392 
115,420 
264,276 
546,909 
247,718 
116,561 
379,190 
38,473 
349,168 
549,99 8 
247.718 
116,561 
55,230 
46,168 
2,571,668 
2,085,259 2,421,375 1,593,127 1,364,843 
^Where manure applied as fertilizer, 16 hr per hectare used for 
labor. 
^Machinery for manure application was considered. 
^According to plan. 
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T ABLE I 1-CORN YIELDS CLARION WEBSTER RESEARCH CENTER(8U/A) 
E A R  B K  R O T  T M T  Y I  E L D l  Y I E L D 2 I Y E A R  B K  R O T  T M T  Y l E L O l  Y  I  E L I  
6 5  1  1  1  6 7 . 9  5 3 . 3  I 6 5  1  1  2  1 0 2 . 2  9 1 . 9  
6 5  1  1  3  1 2 0 . 9  1 2 3 . 6  1 6 5  1  1  4  1 0 7 . 5  1  2 7 . 9  
6 5  1  2  1  1 2 7 .  0  1 1 7 . 7  | 6 5  1  2  2  1 3 2 .  7  1 3 1  . 4  
6 5  1  2  3  1 2 6 .  2  l 3 Q o 6  i  6 5  1  2  4  1  2 4 .  Û  
6 5  1  3  1  1 2 4 . 9  1 1 9 . 0  | 6 5  1  3  2  1 3 9 .  1  1 2 9 .  4  
6 5  i  3  3  I  1 9 . 5  1 2 3 . 9  | 6 5  I  3  4  1 1 7 . 4  1 1 5 . 8  
6 5  1  4  1  5 9 . 3  5 8 .  a  l 6 5  1  4  2  7 8 . 3  9 3 . 8  
6 5  1  4  3  1 0 8 . 5  9 1  . 3  1  6 5  1  4  4  1 1 7 . 1  1 1 3 . 7  
6 5  1  5  I  1 1 6 . 1  1 2 7 . 6  1 6 5  1  5  2  1 1 9 . 2  1 2 4 . 0  
6 5  1  5  3  1  1 7 . 4  1 3 3 .  1  [ 6 5  1  5  4  1 0 9 . 3  1 3 8 . 8  
6 5  1  6  1  1 3 1 . 7  1 2 9 . 3  1  6 5  1  6  2  1 3 4 .  2  1 3 6 . 7  
6 5  1  6  3  1 4 3 . 3  1 2 6 . 3  1 6 5  1  6  4  1 2 2 . 7  1  1 9 . 2  
6 5  2  1  1  6 7 .  3  6 1  . 1  !  6 5  2  1  2  9 1  .  1  9 6 , 3  
6 5  2  1 3  1 1 3 .  2  1 3 0 . 6  1  6 5  2  1  4  1 3 0 . 6  1 2 3 .  1  
6 5  2  2  I  7 4 .  3  6 3 . 0  j  6 5  2  2  2  9 9 . 9  8 7 . 2  
6 5  2 2  3  1 1 9 . 9  1 1 7 . 5  1 6 5  2  2  4  1 2 0 .  1  1 1 4 . 4  
6 5  2  5  1  1 0 6 .  4  1 0 2 . 1  1  6 5  2  5  2  1 2 0  . 8  1 2 5 . 5  
6 5  2  5  3  1  1 4 . 6  1 1 1 . 9  1  6 5  2  5  4  1 1 9 . 2  1 2 2 . 7  
6 5  3  1  1  8 1 . 7  5 3 . 3  1  6 5  3  1  2  1 0 8 . 0  9 1 . 0  
6 5  3  1  3  1 2 6 . 7  1 1 5 . 3  1  6 5  3  1  4  1 3 0 . 6  1 2 7 . 2  
6 5  3  2  1  5 1 . 7  7 6 . 1  1 6 5  3  2  2  1  0 2 . 6  1 0 8 . 2  
6 5  3  2  3  1 1 1 . 4  1 1 3 . 3  1  6 5  3  2  4  1 2 5 . 9  1 2 7 . 9  
6 5  3  3  1  5 6 .  1  9 6 . 3  1 6 5  3  3  2  1  0 9 . 0  1 2 0 . 9  
6 5  3  3  3  1 1 8 . 6  1 2 4 . 7  j  6 5  3  3  4  1 1 4 . 0  1 2 1 . 4  
6 5  3  4  1  4 5 . 6  4 7 . 8  | 6 5  3  4  2  1 2 5 . 3  7 4 . 7  
6 5  3  4  3  1 2 2 .  7  9 8 .  0  | 6 5  3  4  4  1 3 9 .  1  1 0 6 . 2  
6 5  4  1  1  5 3 . 9  5 1 . 8  1  6 5  4  1  2  9 8 . 5  9 9 . 8  
6 5  4  1  3  1 1 6 . 4  1 2 2 . 6  i  6 5  4  1  4  1 2 2 . 5  1 2 8 . 6  
6 6  I  1  1  7 5 . 8  5 9 .  1  1  6 6  1  I  2  9 9 . 3  1 0 5 . 4  
6 6  1  1  t * c -J 1 2 8 .  6  1 AA 1  J 4  1 3 6  =  4  1 5 1 = 7  
6 6  i  2  i 1 3 8 .  9  1 2 5 .  5  1  6 6  2  2  1 4 3 . 5  1 5 5 . 5  
6 6  1  2  3  1 5 7 .  1  1 5 0 . 9  i 66 1  2  4  1 5 4 . 7  1 5 5 . 9  
6 6  1  3  i 1 2 8 . 8  1 2 6 . 6  j 66 1  3  2  1 3 6 . 7  1 4 0 . 3  
6 6  1 3  3  1 3 7 .  0  1 3 5 . 7  166 1  3  4  1 4 4  . 0  1 4 0  . 5  
6 6  1  4  1  I  0 9 . 0  1 5 7 .  1  j 6 6  1  4  2  i  3 3  . 3  1 5 9 .  1  
6 6  1  4  3  1 3 5 .  2  1 5 9 . 4  1 6 6  1  4  4  1 3 4 . 3  1 5 0 . 8  
6 6  I  5  1  1 3 1 . 0  1 4 5 . 1  1 6 6  5  2  1 2 7 . 5  1 4 2 . 4  
6 6  1  5  3  1 3 4 .  4  1 4 0 .  0  1 6 6  1  5  4  1 2 1 . 6  3 4 5 . 4  
6 6  1  6  1  1  0 8 .  5  1 0 8 . 3  166 1  6  2  1 2 9 . 2  1 1 8 . 2  
6 £ >  1  6  3  1 2 9 . 6  1 3 0 . 6  1 6 6  i  6 4  1 5 0 . 0  1 4 8 . 5  
6 6  2  1  1  5 2 = 8  6 4 . 6  1  6 6  2  1  2  8 5 . 6  7 2 . 8  
66 2  i  - J  8 3 . 4  1 1 4 . 7  166 2  1  4  1 2 7 c 6  1 3 5  o  1  
6 6  2  2  1  9 4 . 2  1 0 4 . 7  | 6 6  2  2  2  1 1 5 . 5  1 1 1 . 1  
6 6  2  2  3  1 2 8  =  6  1 3 7 . 9  !  6 6  2  2  4  1 2 7 . 0  1 3 4 . 8  
6 6  2  5  1  8 3 . 6  1 0 6 .  3  Î 6 6  2  5  2  1 0 9 . 3  1 2 3 , 5  
6 6  2  5  3  1 1 5 . 2  1 2 5 .  4  1 6 6  2  5  4  1 3 3 . 2  1 2 6 . 5  
6 6  3  1  i  6 6 .  4  5 8 . 4  i  66 3  1  2  9 2 . 6  9 5  .  0  
6 6  3  I 3  1  2 7 .  5  1 0 9 . 7  j  6 6  3  1  4  1 2 2 . 0  1 5 9 . 0  
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TA8LEI1-CCRN YIELDS CLARION WEBSTER RESEARCH CENT£R(BU/A) 
E A R  8 K  R O T  T M T  Y I E L D I  Y I E L D 2  Y E A R  B K  R O T  T M T  Y l E L D l  Y  I  E L  
6 6  3  2  1  6 6 .  3  6 6 . 5  1  6 6  3  2  2  8 6  .  0  8 9 .  0  
6 6  " 9  2  • a  1  0 3 . 6  1  1 6 . 7  1 6 6  3  2  4  1 3 4 . 9  1 4 5 . 3  
6 6  3  3  I  1 0 1 . 3  1 0 9 .  1  1  6 6  3  3  2  1 0 6 .  1  1 3 4 . 2  
6 6  3  3  3  1 2 2 . 4  i  5 4 .  0  i  6 6  3  3  4  i  3 9  .  7  1  4 6  .  2  
6 6  3  4  4  1 5 1 . 2  1 5 3 . 0  1 6 6  3  4  1  1 1 3 . 6  1 1 2 . 4  
6 6  3  4  2  i  i  i  .  5  1 4 1 . 0  i 6 6  3  4  3  1 4 1 . 6  1 5 4 . 0  
6 6  4  1 1  6 4 . 6  5 7 . 7  I 6 6  4  1  2  9 5 .  7  8 8 . 8  
6 6  4  1  3  1  1 3 . 8  1 0 3 . 4  1 6 6  4  1  4  1 2 9 . 4  1 3 4 . 8  
6 7  1  1  I  1 0 4 . 3  5 0 . 8  1  6 7  1  1  2  8 4 . 5  9 4 . 3  
6 7  1 1 3  1 3 1 . 9  1 1 0 . 1  1 6 7  1  1  4  1 0 8 . 5  1 4 9 . 6  
6 7  1  2  1 1 4 2 . 3  1  0 6 . 9  1 6 7  1  2  2  1 3 7 . 4  1 3 2 . 5  
6 7  1 2  3  1 4 2 .  2  1 2 3 . 9  ]  6 7  1  2  4  1 4 8 . 6  1 4 2 . 4  
6 7  3  1 7 8 . 0  1 5 0  o 4  !  6 7  1  3  2  1 4 4 . 8  1 5 7 . 5  
6 7  1  3  3  1 6 3 .  4  1 6 0 . 6  1  6 7  2  3  4  1 6 4 . 0  1 3 7 . 2  
6 7  1  4  1  8 4 . 9  1 3 1 . 0  | 6 7  1  4  2  1 4 6 . 6  1 4 3 . 9  
6 7  1  4  3  1 5 3 .  1  1 3 2 .  7  1  6 7  1  4  3  1 5 4  . 6  1 3 7 . 8  
6 7  I  5  1  1 3 8 . 7  1 4 8 . 0  1  6 7  1  5  2  1 5 7 . 4  1 5 3 . 6  
6 7  1  5  3  1 5 1 . 4  1 1 6 . 9  1  6 7  1  5  4  1 5 2 . 2  1 3 7 . 0  
6 7  1 6  1 1 2 0 . 6  1 5 8 . 4  1  6 7  1  6  2  1 5 4 . 8  1 3 3 . 5  
6 7  1 6  3  1 3 1 . 9  1 5 9 . 6  1 6 7  1  6  4  1 4 9 . 5  1 3 0 . 9  
6 7  2  1  1 4 5 . 6  5 8  « 6  1 6 7  2  1  2  8 6 . 3  1 0 3 . 0  
6 7  2  I  3  1 2 5 . 2  1 3 3 .  4  1  6 7  2  1  4  1 3 7 . 6  1 4 6 . 7  
6 7  2  2  1 7 6 .  5  1 3 1 . 6  | 6 7  2 2  2  1 0 3 . 9  1 2 6  . 6  
6 7  2  2  3  1 2 0 .  1  1 0 5 .  7  1  6 7  2  2  4  1 2 9 . 2  1 3 6  . 0  
6 7  2  5  1 1 0 6 .  7  1 1 5 . 6  { 6 7  2  5  2  1 1 9 . 5  1 4 0 . 8  
6 7  2  5  3  1 2 5 . 7  1 2 6 . 9  1  6 7  2  5  4  1 1 2 . 2  1 5 1  .  1  
6 7  3  1 I  4 3 .  1  5 5 . 0  i  6 7  3  1  2  7 5 . 2  8 2 . 1  
6 7  3  1  3  9 0 . 6  1 0 9 . 8  !  6 7  3  1  4  1 0 1  . 5  1 4 2 . 7  
6 7  3  2  1  5 9 . 7  5 6 . 8  1  6 7  3  2  2  6 8 . 5  8 7 . 5  
6 7  3  2  • a  1 2 0 ^ 7  7 9 i 2  i  6 7  3  2  6  1 2 9 =  1  1  0 6  =  9  
6 7  3  3  1  1 0 3 . 5  9 9 . 6  1  6 7  3  3  2  1 3 8 . 3  1 3 9 . 2  
6 7  3  3  3  1  1 7 . 7  1 4 2 .  6  1  6 7  3  3  4  1 4 0 .  1  1 4 2 .  1  
6 7  3  4  i  1 2 4 . 0  8 9 .  5  i  6 7  3  4  2  1 4 1  . 5  1 3 9 . 2  
6 7  3  4  3  1  4 4 .  7  1 3 6 . 8  i  6 7  3  4  4  1 5 2 . 8  1 4 9 . 3  
6 7  4  I 1  6 5 .  Û  5 3 . 2  i  6 7  4  i  2  i  0 0  •  1  9 4  .  9  
6 7  4  I 3  1 4 5 .  9  1 0 6 .  1  1 6 7  4  1  4  1 1 9 . 8  1 4 8 . 3  
6 3  I  I 1  5 9 . 3  4 8 . 4  1  6 8  1  1  2  9 9  o ?  9 0 . 9  
6 3  1  I 5  1 3 2 . 5  1 1 3 . 4  | 6 8  1  1  4  1 6 5 . 5  1 5 3  . 6  
6 3  1  2  1  1 2 8 . 6  1 4 4 .  4  i  6 8  1  2  2  1 4 3 . 4  1 5 3 . 0  
6 8  i  2  3  1 6 3 .  5  1 5 1 . 1  i  6 8  1  2  4  1 6 1  . 8  1 5 1 . 6  
6 8  1  3  ! ! 3 4 e 2  î 3 4 o 7  J 6 8  1  3  2  1 3 8 . 3  1 4 9 . 9  
6 8  3  3  1 6 4 = 5  1 5 7 , 8  i  6 8  1  3  4  1 6 4 , 3  1 5 6 . 8  
6 3  1  4  1 1  1 3 .  1  1 2 6 . 8  1  6 8  1  4  2  1 1 5 . 2  1 5 2 . 3  
6 8  1  4  3  1 5 5 . 8  1 3 9 . 9  !  6 8  1  4  4  1 4 7 . 7  1 4 7 . 5  
6 8  5  1  1  4 0 . 0  1 5 1 . 5  Î 6 8  I 5  2  1 4 5  c  9  1 2 7 , 5  
6 3  I  5  3  1 5 4 . 4  1 5 3 . 8  1  6 8  1  5  4  1 5 3 . 8  1 6 9 .  1  
6 8  I  6  1  Î  5 5 .  3  1 6 7 . 9  1 6 8  1  6  2  1 5 5 . 7  1 7 1 . 4  
6 3  1 6  3  1  5 6 .  5  1 5 7 .  1  !  6 8  1  6  4  1 5 3 . 3  1 5 4 . 4  
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T ABLE Il-CCRN YIELDS CLARION WEBSTER RESEARCH CENTER(BU/A) 
Y E A R  B K  R O T  T M T  Y I E L D l  Y 1 E L D 2 1  Y E A R  B K  R O T  T M T  Y I E L D l  Y I E L E  
6 8  2  1  1  6 9 . 5  5 9 .  1  1  6 8  2  1  2  9 4  .  7  8 3  c  9  
6 a  2  1  3  1  1 2 .  2  1 0 1 . 7  1  6 8  2  1  4  1 4 1 . 4  1 5 5 . 5  
6 8  2  2  1  8 7 . 4  8 9 . 5  1  6 8  2  2  2  1  1 6 . 4  1 1 4 . 6  
6 8  2  2  3  1 4 5 . 6  1 3 4 .  7  i  6 8  2  2  4  1  4 9 . 5  1  4 7  .  S  
6 8  2  5  I  1 1 1 . 3  1 4 0 . 3  1  6 8  2  5  2  1  4 1  . 6  1 5 1 . 3  
6 8  2  S  3  1 4 6 . 3  1 7 0 .  i  i  6 3  2  5  4  1 4 9 . 7  i  7 1  .  1  
6 8  3  1  1  6 6 . 6  6 9 .  5  1  6 8  3  1  2  8 2 . 6  1 1 7 . 3  
6 8  3  1  3  1 1 7 . 7  1 2 2 . 7  1 6 8  3  1  4  1 2 4 . 3  1 6 1 . 3  
6 8  3  2  1  9 2 . 9  7 8 . 5  1  6 8  3  2  2  8 8 . 8  1 0 3 . 4  
6 8  3  2  3  1 4 2 . 1  1 2 8 . 9  1  6 8  3  2  4  1 6 2 . 2  1 4 3 . 5  
6 8  3  3  1  1 0 9 . 8  1 1 4 . 6  | 6 8  3  3  2  1 2 6 . 8  1  5 5 . 9  
6 8  3  3  3  1 4 5 . 9  1 5 1 . 4  1  6 8  3  3  4  1 5 9 . 3  1 5 7 . 6  
6 8  3  4  I  1 2 8 . 3  1 0 5 . 2  !  6 8  3  4  2  8 8 e 9  1  1 9 . 7  
6 8  3  4  3  1 2 8 . 0  1 2 1 . 4  1  6 8  3  4  4  1 4 0 . 5  1 5 0 . 0  
6 8  4  1  1  6 7 . 7  6 0 . 2  1  6 8  4  1  2  9 4 . 3  8 4  . 6  
6 8  4  1  3  1 1 3 . 3  1 1 3 . 7  1  6 8  4  1  4  1 4 6  . 6  1 4 5 . 4  
6 9  1  1  1  4 6 . 4  3 8 . 4  1  6 9  1  1  2  5 6 . 2  5 2 . 6  
6 9  1  1  3  6 1 . 3  6 0 . 8  1  6 9  1  1  4  7 8 . 2  7 0 . 2  
6 9  1  2  1  1 0 0 . 8  9 4 . 4  1  6 9  1  2  2  9 0 . 3  9 8 . 7  
6 9  1  2  3  1 0 0 . 5  9 3 . 4  1  6 9  1  2  4  1  0 4 . 2  1  1 4 . 9  
6 9  1  3  1  8 9 . 3  9 0 . 3  1 6 9  I  3  2  9 5 . 5  8 9 . 0  
6 9  1  3  3  7 7 .  1  8 8 . 8  1  6 9  1  3  4  9 2 . 8  1 0 9 . 4  
6 9  1 4  1 7 9 . 9  7 5 . 6  1  6 9  1  4  2  8 1  . 2  7 2 . 4  
6 9  1 4  3  8 4 . 2  8 3 . 2  J  6 9  1  4  4  8 3 . 2  8 3 . 2  
6 9  1 5  1 5 5 . 6  1 5 0 . 7  1 6 9  1  5  2  1 3 1  . 4  1 4 3 . 3  
6 9  1  5  3  1 4 1  .  i  1 5 6 . 7  1  6 9  1  5  4  1 3 3 . 6  1 5 7 . 5  
6 9  1 6  1 1 5 2 . 2  1 5 5 .  1  1  6 9  i 6  2  1 5 7 . 3  1 4 5 . 9  
6 9  I  6  3  1 4 1 . 3  1 5 9 . 8  1  6 9  1  6  4  1 4 5 . 2  1 6 0 . 0  
6 9  2  1 1 5 8 . 0  5 7 . 2  1  6 9  2  1  2  6 0 . 0  5 4 . 5  
6 9  2  1  3  e S é  1  5  4 - 3  i  6 9  2  1  4  6 2 ^ 7  8 0  . 0  
6 9  2  2  i  5 7 .  9  7 8 .  9  1  6 9  2  2  2  6 4 . 2  7 2 . 3  
6 9  2  2  3  6 2 .  0  3 5 .  6  1  6 9  2  2  4  8 6  . 5  6 3 . 3  
6 9  2  5  i  1 0 9 .  8  3 8  .  6  i  6 9  2  5  2  1 1 8 . 2  8 9 . 7  
6 9  2  5  3  7 3 . 8  9 3 . 7  1 6 9  2  5  4  9 1 . 1  9 8 .  1  
6 9  3  1 1 5 7 . 3  4 8 . 4  1 6 9  3  i 2  5 7 . 4  5 2  .  0  
6 9  3  1 3  7 4 .  2  5 0 . 4  | 6 9  3  1 4  6 1 . 6  7 7 . 3  
6 9  3  2  1  5 2 . 0  6 5 . 2  1  6 9  3  2  2  5 3 . 8  6 3 . 6  
6 9  3  2  3  7 3 . 6  7 4 . 8  1 6 9  3  2  4  7 3 .  1  7 7 . 7  
6 9  3  3  1 5 8 . 4  1 0 4 „ 2  1 6 9  3  3  2  1 0 0 . 7  1 0 1  . 9  
6 9  3  3  3  1 0 2 .  4  9 3 . 3  1 6 9  3  3  4  7 5 .  0  1 0 8 . 5  
6 9  3  4  1  3 3 , 8  9 3  c  2  j  6 9  3  4  2  9 4 . 6  9 4 . 5  
6 9  3  4  3  8 6 . 5  8 9 . 2  ' . 6 9  3  4  4  8 3  o  1  8 5 . 4  
6 9  4  1  I  5 5 . 2  4 9 .  1  1 6 9  4  1  2  6 0 . 4  5 4 . 8  
6 9  4  1  3  5 5 « 2  6 5 . 4  !  6 9  4  ! 4  5 9 . 9  6 9 . 7  
7 0  t  i  1  5 1 . 8  6 2 . 5  i  7 0  < 1  2  I  0 8  =  2  7 7  =  7  
7 0  i 1  3  9 9 . 3  1  1 2 . 4  1 7 0  1  1  4  1 2 3 . 3  1 3 5 . 7  
7 0  i  2  1  1 1 6 . 2  1 1 9 . 6  1 7 0  1  2  2  1 3 2  .  0  : 4 4 . 3  
7 0  1  2  3  2 3 8 . 0  1 2 1 . 8  !  7 0  1 2  4  1 4 1 . 7  1 4 4 . 2  
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Y E A R  B K  R O T  T M T  Y  I  E L D  1  Y I E L D 2 1  Y E A R  3 K  R O T  T M T  Y  I  E L D  1  Y I E L D 2  
7 0  I  3  1  9 2 . 6  1 2 6 . 2  1  7 0  1  3  ? 9 5 . 2  1 5 0 . 4  
7 0  1  3  3  1 0 2 . 6  1 5 3 . 5  1  7 0  1  3  4  1  1 4 . 3  1 5 3 . 6  
7 0  1  4  1  1 0 6 . 0  1 2 4 . 5  1  7 0  1  4  3  1 2 6 . 8  1 5 2 . 2  
7 0  1  4  4  1 2 1 . 6  1 5 Ù . Û  i  7 0  1  5  1  1  3 4  .  3  1 4 3 . 2  
7 0  1  5  2  1 4 1 . 5  1 3 4 .  1  1  7 0  1  5  3  1 3 9 . 7  1 2 6 . 2  
7 0  I 5  4  1 2 5 . 3  1 4 8 . 6  i  7 0  1  6  i 1 4 8 . 9  1 3 9 . 7  
7 0  1  6  2  1 2 5 . 9  1 5 1  . 4  1  7 0  1  6  3  1 2 8 . 2  1 4 2 . 2  
7 0  1  6  4  1  4 9 .  0  1 5 0 , 3  i  7 0  2  1  1  5 2 . 4  4 6 . 9  
7 0  2  1  2  8 8 . 6  7 5 .  1  I 7 0  2  1  3  1 0 1 . 3  1 0 8 . 3  
7 0  2  1 4 1 1 6 . 4  1 3 8 . 7  1  7 0  2  2  1  5 3 . 3  6 4 . 7  
7 0  2  2  2  6 8 . 7  8 6 . 7  1  7 0  2  2  3  9 6 . 3  1 0 1 . 1  
7 0  2  2  4  1  1 9 .  7  1 1 9 . 2  i  7 0  2  5  1  l i s .  1 1 0 0 . 9  
7 0  2  5  2  1 0 4 . 4  1 1  7 c  4  1  7 0  2  5  3  1 1 4 . 2  1 1 7 . 0  
7 0  2  5  4  1 3 1 .  1  1 4 4 .  4  1  7 0  3  1  1  5 8 . 4  4 7 . 3  
7 0  3  1  2  8 1 . 0  9 4 .  1  i  7 0  3  1  3  1 1 3 . 4  9 5 . 9  
7 0  3  1  4  1 1 1 . 9  1 5 2 . 8  1  7 0  3  2  1  6 0 . 6  5 3 . 0  
7 0  3  2  2  6 7 . 2  1 0 0 . 2  1  7 0  3  2  3  9 6 . 6  6 9 . 8  
7 0  3  2  4  1 2 3 . 2  1 1 4 . 0  i  7 0  3  3  1  8 8 . 6  8 6 .  8  
7 0  3  3  2  8 4 . 5  8 9 . 5  1  7 0  3  3  3  1 1 0 . 1  9 6 . 9  
7 0  3  3  4  1 3 8 .  3  1 3 5 . 0  1  7 0  3  4  1  9 9 .  0  1 0 6 . 8  
7 0  3  4  2  1 0 7 . 2  1 2 7 . 9  1  7 0  3  4  3  1 3 9 . 9  1  1 5 . 8  
7 0  3  4  4  1 3 6 . 6  1 4 7 . 5  1  7 0  4  1  1  5 2 . 6  4 8 . 6  
7 0  4  1  2  7 8 .  1  8 8 . 9  1  7 0  4  1  3  9 7 .  1  1 0 7 . 7  
7 0  4  1  4  1 2 5 .  1  1 2 8 . 0  1  7 1  1 1  1  5 3 . 8  4 1  . 6  
7 1  1 1  5  1 6 4 .  4  1 5 5 . 2  1  7 1  1  1  3  1 2 2 . 9  1 2 0 . 8  
7 1  1  1  4  1  7 3 . 2  1 5 3 .  1  1  7 1  1  2  1  1 1 5 . 1  9 7 . 6  
7 1  1  2  5  1 6 3 . 5  1 6 0 .  1  1  7 1  1  2  3  1  5 1  . 5  1 4 7 . 8  
7 1  1 2  4  1 6 2 .  6  1 6 9 . 6  1 7 1  1  3  1  1  1 9 . 8  1 1 8 . 1  
7 1  1  3  5  1 7 4 .  2  1 8 1 . 8  1  7 1  1  3  3  1 6 9 . 3  1 5 7 .  1  
•yt •3 4  1 6 5 s  4  1 6 5 = 8  i  7 1  I 6 î %  4 3 . 6  1 2 3 . 2  
7 1  1  4  5  1 6 9 .  0  1 6 8 . 3  1  7 1  1  4  3  1 7 2 . 2  1 6 6 . 0  
7 1  1 4  4  1 7 3 .  8  1 7 0 . 2  1  7 1  1  5  1  1 5 4 . 7  1 7 2 . 5  
7 1  i 5  5  1 7 0 . 9  1 6 0 .  1  i  7 1  Î 5  3  1 7 0 . 2  1 4 7 . 8  
7 1  1  5  4  1 5 8 .  7  1 5 8 . 9  1  7 1  1  6  1  1  5 2 . 8  1 6 8 .  4  
7 1  1  6  5  i  5 7 .  5  1 5 2 . 4  Î  7 1  1  Ô  3  1 5 3 . 2  1 6 3 . 8  
7 1  1 6  4  1 6 2 .  7  1 5 3 .  7  1  7 1  2  1  5  1 5 5 . 7  1 4 6 . 4  
7 1  2  I  1  3 2 .  0  3 6 ,  1  1 7 1  2  1  3  I  3 3 . 5  i  1 6 . 8  
7 1  2  1 4  1 5 5 . 5  1 5 8 . 4  1 7 1  2  2  1  8 5 . 0  7 2 . 2  
7 1  2  2  c 1 6 3 .  9  1 8 0 . 0  \7i 2 2 3  1 4 4 . 6  1 4 1 . 6  
7 1  2  2  4  1 6 7 . 1  1 6 6  .  4  j  7 1  2  5  1 9 9 . 7  124 .6 
7 1  2  5  5  1 5 3 , 0  1 7 8 . 8  !  7 1  2  5  3  1 4 5 . 4  1 6 6 .  1  
? 1  2  5  4  1 5 4 o 7  1 7 8 =  7  !  7 1  3  1  1  5 0 . 7  5 2 . 7  
7 1  3  I  5  1 5 6 . 2  1 7 0 . 8  1  7 1  3  1  3  1 1 2 . 5  1 1 5 . 1  
7 1  3  ! 4  1 4 3 « 4  1 6 5 =  6  !  7 1  3  2 1  4 7 . 4  5 6 . 5  
7 1  3  2  5  1 1 4 . 3  1 4 4 . 6  !  7 1  3  2 3  1 0 3 . 2  1 2 4 . 6  
7 1  3  2  4  1 6 4 . 4  1 6 0 . 3  1  7 1  3  3  1  1 1 0 . 1  1 2 4 . 4  
7 i  3  3  5  i  7 2 .  5  1 6 1 . 7  1  7 1  3  3  3  1 3 8 . 2  1 5 5 . 0  
7 1  3  3  4  1 5 1 . 6  1 5 7 . 0  i  7 1  3  4  1  1 0 4 . 0  1 2 8 .  1  
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E A R  B K  R C T  T M T  y l E L O l  Y I H L Û 2 1  Y E A R  8 K  R O T  T M T  YIELOI Y I E L 0 2  
7 1  3  4  5  1 4 6 . 8  1 6 9 . 6  1  7 1  3  4  3  1 4 1 . 1  1 5 1 . 5  
7 1  3  4  4  1 4 7 . 9  1 7 1 . 5  1  7 1  4  1  1  4 3 . 7  3 9 . 0  
7 1  4  1  S  1 6 1 .  1  1 6 2 . 0  1  7 1  4  1  3  1  1 5 . 8  8 1  . 8  
7 1  4  1  4  1 5 0 .  0  1 5 9 .  1  i  7 2  I  1  1  3 3 . 7  3 6  .  4  
7 2  1  1  5  9 9 . 3  8 4 . 3  1  7 2  1  1  3  1 2 2 . 3  1 3 3 . 3  
7 2  1  1  4  1  1 9 . 4  1 3 6 . 9  i  7 2  1  2  i  4 9 . 5  o S  .  1  
7 2  1  2  5  1  0 3 . 2  1 1 9 . 9  1  7 2  1  2  3  1 3 2 . 9  1 3 4 .  4  
7 2  1  2  4  1 3 8 . 3  1 3 1 . 7  1  7 2  1  3  1  5 2 . 5  1 1 3 . 2  
7 2  1  3  5  6 3 . 8  1 2 9 . 7  1  7 2  1  3 3  1  1 5 . 3  1 3 3 . 4  
7 2  1  3  4  1 3 1 .  7  1 3 1  .  1  1  7 2  1  4  1  7 7 . 7  1 1 4 . 8  
7 2  1  4  5  1 2 5 . 0  1 4 5 . 6  1  7 2  1  4  3  1 2 9 . 4  1 4 6 . 9  
7 2  1  4  4  1 3 9 . 2  1 3 9 . 5  J  7 2  1  5  1  1 3 8 .  1  1 3 7 . 8  
7 2  1  5  5  1 3 7 . 1  1 4 6 . 3  1 7 2  5  3  1 3 3 . 2  1 2 6  =  7  
7 2  1  S  4  1 3 9 . 5  1 3 6 .  1  1  7 2  1  6  1  1 2 9 . 2  1 4 0  . 5  
7 2  1  6  5  1 3 4 . 0  1 4 7 . 5  1  7 2  1  6  3  1 3 6 . 4  1 4 5 . 8  
7 2  1  6  4  1 3 4 . 2  1 3 6 . 2  1 7 2  2  1  1  3 8 . 8  3 8 . 4  
7 2  2  1  5  1  1 9 . 6  1 3 2 . 4  1  7 2  2  1  3  5 5 . 1  7 9 . 3  
7 2  2  1  4  1 1 1 . 0  1 3 3 .  3  1  7 2  2  2  1  5 9 . 0  6 1 . 0  
7 2  2 2  5  1 2 1 . 9  1 3 3 .  4  1  7 2  2  2  3  8 9 . 5  1 2 0  . 4  
7 2  2  2  4  1 1 4 . 6  1 4 5 . 8  1  7 2  2  5  1  9 1 . 8  1 0 8 . 2  
7 2  2  5  5  1 4 5 . 8  1 2 9 . 5  1  7 2  2  5  3  1 2 9 . 5  1 2 5 . 0  
7 2  2  5  4  1 3 3 .  1  1 3 0 . 2  1  7 2  3  1  1  4 7 . 9  4 3 . 0  
7 2  3  1  5  1 4 0 . 7  1 3 8 . 3  1  7 2  3  1  3  8 0 . 2  7 5 . 4  
7 2  3  1  4  1  1 8 . 5  1 4  1 . 7  1  7 2  3  2  1  5 6 . 9  5 4  . 8  
7 2  3  2  5  1 3 6 .  6  1 3 5 . 5  1 7 2  3  2  3  1 0 5 . 2  1 0 3 . 7  
7 2  3  2  4  1 4 0 .  1  1 4 4 .  0  1 7 2  3  3  1  9 0 . 9  1 0 1  . 3  
7 2  3  3  5  1 2 6 . 7  1 3 1 . 7  1  7 2  3  3  3  1  0 5 .  1  1 2 5 . 3  
7 2  3  3  4  1 3 5 . 4  1 2 7 . 4  1 7 2  3 4  1  8 6 .  0  1 1 4 . 1  
7 2  3  4  5  1 2 8 . 2  1 3 6 . 5  1  7 2  3  4  3  1 2 2  . 4  1 3 1  . 9  
7 2  3  4  4  1 2 3 . 6  1 4 4 . 1  1  7 2  4 1 1 3 3 : 4  3 8  =  2  
7 2  4  1  5  1 2 6 . 2  1 3 2 . 2  1 7 2  4  1 3  8 6 .  1  8 2 . 6  
7 2  4  1  4  1 1 7 . 3  1 2 6 . 6  1 7 3  1 1  1 4 6  . 2  5 0  . 7  
7 3  1  1  3 8 8 .  1  9 8 .  1  7 3  i  1 5  1 2 3 . 0  1 2 6 . 4  
7 3  1  1 4  1  1 2 .  0  1 1 7 . 6  1  7 3  1  2 1 9 1  . 6  1 0 1 . 7  
7 3  1  2  5  1 3 6 .  1  1 3 7 . 2  i  7 3  1 2 3  i  I  5  . 9  1 2 6  .  2  
7 3  1  2  4  1 2 4 . 5  1 2 2 .  7  1  7 3  1  3  1 9 6 . 8  9 8 . 0  
7 3  1  3  5 1 2 5 .  1  1 3 0 . 4  1  7 3  1  3  3  1 1 6 . 2  1 2 7 . 2  
7 3  1  3  4  1 1 1 . 1  1 3 9 .  1  1  7 3  1  4  1  8 2 . 2  1 0 2 . 7  
7 3  1  4  5  1 0 9 .  3  1 3 2 . 9  i  7 3  1  4  3  1 2 7 . 0  1 2 1 . 6  
7 3  1  4  4  1 2 9 .  0  1 3 9 . 5  i  7 3  1 5  1  1 2 7 . 4  1 3 2 . 2  
7 3  1  5  5  1 3 0 . 9  1 3 1 . 7  !  7 3  1  5  3  1 2 6 , 0  1 2 8 . 9  
7 3  : 5  4  1 3 1 .  1  1 3 1  . 5  ;  7 3  1  6  1  1 2 7 »  1  1 3 3  =  3  
7 3  1  6  5  1 2 7 . 8  1 3 1 . 6  1  7 3  1  6 3  1  2 8 . 6  1 3 5 . 6  
7 3  1  6  4  1 3 5 . 6  !  7 3  2  1  1  5 4 , 3  4 7 . 7  
7 3  2  I 5  1  1 6 . 4  1 2 2 . 3  1  7 3  2 i  3  7 7 . 1  8 2 . 6  
7 3  2 1 4  1 2 2 . 2  1 2 1 . 0  1 7 3  2  2  1  5 7 . 7  6 3 . 9  
7 3  2  2  5  1 1 8 . 8  1 2 7 . 9  1 7 3  2 2 3  7 4 . 5  1 1 1 . 7  
7 3  2  2  4  1 0 3 =  0  1 2 8 , 3  1 7 3  2 3  1  8 6  «  8  8 3 . 6  
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Y E A R  3 K  RCT TMT Y I E L D l  Y I E L D 2  1  Y E A R  8K R U T  T M T  Y I E L D l  Y I E L D S  
7 3  2  3  5  1 2 8 . 3  1 2 4 . 5  1  7 3  2  3  5  1 2 1 . 4  i l l  . 7  
7 3  2  3  4  1 3 1 . 5  1 2 1 . 3  | 7 3  3  1  1  5 5 . 5  5 4 . 5  
7 3  3  1  3  1 3 1 . 0  1 1 5 . 8  1  7 3  3  1  3  8 3 . 0  7 7 . 3  
7 3  3  1  4  1  1 3 . 0  1 0 6 .  0  1  7 3  3  2  1  5 6 . 7  7 8 . 0  
7 3  3  2  5  1  1 9 . 3  1 4 0 . 9  1  7 3  3  2 3  9 1 . 3  1 0 5 . 5  
7 3  3  2  4  1  1  l o 5  1 1 3 o 9  !  7 3  3  5  1  5 3 . 4  1 0 2 . 6  
7 3  3  5  5  1 3 0 . 6  1 2 5 . 9  1  7 3  3  5  3  1  1 8 . 7  1 3 7 . 0  
7 3  3  5  4  1 2 6 .  8  1 3 4 . 2  1 7 3  4  1  1  5 4 .  1  4 4 . 2  
7 3  4  1  5  1  1 7 . 8  1 2 2 . 0  1  7 3  4  1  3  8 7 . 6  1 2 7 . 7  
7 3  4  1  4  1  1 6 . 9  1 0 3 . 8  1 7 3  4  2  1  9 1  . 6  1 0 1 . 7  
7 3  4  2  5  1 3 6 .  1  1 3 7 . 2  1  7 3  4  2  3  1 1 5 . 9  1 2 6 . 2  
7 3  4  2  4  1 2 4 . 5  1 2 2 . 7  1  7 3  4  3  1  9 6 . 8  9 8 . 0  
7 3  4  3  5  1 2 5 .  i  1 3 0 . 4  i  73 4  3  3  1 1 6 . 2  1 2 7 . 2  
7 3  4  3  4  1 1 1 . 1  1 3 9 .  1  1 7 3  4  5  1  1 2 7 . 4  1 3 2 . 2  
7 3  4  5  5  1 3 0 . 9  1 3 1  . 7  1  7 3  4  5  3  1 2 6  . 0  1 2 8 .  
7 3  4  5  4  1 3 1 .  1  1 3 1  .  1  7 3  4  6  1  1 2 7 .  1  1 3 3 .  
7 3  4  6  5  1 2 7 . 8  1 3 1  .  1  7 3  4  6  3  1 2 8 . 6  1 3 5 .  
7 3  4  6  4  1 3 5 . 6  1 3 5 .  1  7 4  1  1  1  4 6 . 2  5 4 .  
7 4  I  1  5  1  0 9 . 4  1 2 7 .  1  7 4  1  1  3  1 1 0 . 0  9 5 .  
7 4  1  1  4  1  1 2 . 8  1 2 7 .  1  7 4  1  2  1  1 1 1 . 7  1 4 6 .  
7 4  1  2  5  1 2 4 . 0  1 2 7 .  1  7 4  1  2  3  1  0 7 . 7  1 3 3 .  
7 4  1  2  4  1  1 0 .  7  1 2 5 .  1  7 4  1  3  1  9 0 . 5  1 2 3 .  
7 4  1  3  5  1  1 4 . 8  1 3 2 .  1  7 4  1  3  3  1 0 4 . 0  1 1 6 .  
7 4  1  3  4  1 2 2 . 8  1 2 9 .  1  7 4  1  4  1  8 0 . 3  1 1 6 .  
7 4  1  4  5  1  1 8 . 2  1 3 5 .  1  7 4  1  4  3  1 1 2 . 6  1 3 5 .  
7 4  1  4  4  1  1 5 . 6  1 4 0 .  1  7 4  1  5  1  1 0 9 . 9  1 2 2 .  
7 4  1  5  5  1 0 3 . 2  1  1  0 .  1  7 4  1  5  3  1 0 4 . 6  1 0 0 .  
7 4  1  5  4  1 0 9 .  1  1 1 7 .  1  7 4  1  6  1  1 3 7 . 0  1 5 6 .  
7 4  1  6  5  1 0 4 . 3  1  4 3 .  1  7 4  1  6  3  1 2 0 . 8  1 3 2 .  
7 4  Î  6  • 4  1  3 6 .  Ô  1 4 1 .  Î  7 4  2 î  î  ^ T # 6 3 7 ,  
7 4  2  1  5  1 0 5 .  1  1 1 8 .  i  7 4  2  1  3  7 5 . 0  7 9 .  
7 4  2  1  4  8 5 . 6  1 0 9 .  1  7 4  3  1  1  5 5 . 2  4 8 .  
7 4  3  1  5  1 2 7 . 0  1 3 3 .  i  7 4  3  1  3  1 0 7 . 0  8 5 .  
7 4  3  1  4  9 8 . 6  1 2 2 .  1  7 4  3  2  1  5 4  . 9  5 7 .  
7 4  3  2  5  1 0 8 .  1  1 2 7 .  1  7 4  3  2  3  6 9 . 8  
7 4  3  2  4  1  1 9 . 2  1  1 9 .  1 7 4  3  3  1  8 9 . 2  1 0 6 .  
7 4  3  o  5  1  1 0 . 5  1 1 7 .  !  7 4  3  3  3  1 1 9 . 2  1 0 8 .  
7 4  3  3  4  1  1 8 .  3  1 3 1  .  1 7 4  3  4  1  1  1 2 . 5  1 0 2 .  
7 4  3  4  5  1 2 8 .  4  1 2 5 .  1  7 4  3  4  3  1  1 7 . 6  1 2 5 .  
7 4  3  4  4  1 2 0 . 7  1 3 9 .  J  7 4  4  1  1  4 0 . 4  4 4 .  
7 4  4  1 5  1  1 5 . 5  1 1 7 .  î  7 4  4  1  3  7 4 . 3  8 2 .  
7 4  4  1  4  S O .  5  * 1 4 .  1  7 4  4  2  1  5 0 . 0  6 5 ,  
7 4  4  2  5  1  1 3 .  8  1 1 4 .  1  7 4  4  2 3  9 2 . 7  8 7 ,  
7 4  4  2  4  1 0 5 .  1  !  0 3 .  J  7 4  4  5  1  6 9 .  8  7 4 ,  
7 4  4  5  5  i  i 5 e  i  i  0 2 ,  i  7 4  4  5  3  9 4 . 7  1 0 1  .  
7 4  4  5  4  9 5 . 6  1 0 0 .  J  7 5  1  1  1  6 3 . 0  6 7 .  
7 5  1  1  5  8 8 .  1  1 1 4 .  i  7 5  1  1  3  1  0 8 . 7  9 1  .  
7 5  1  » 4  1 2 5 . 5  1 1 4 »  1 7 5  1  2 I  8 6  o  5  5 8 ,  
TA8LEI1-CORN YIELDS CLARION WEBSTER RESEARCH CENTER(BU/A) 
Y E A R  B K  R O T  T M T  Y I E L D l  Y I E L D 2 1  Y E A R  B K  R O T  T M T  Y I E L D l  Y I E L D 2  
7 5  1  2  5  1  0 2 .  6  1  5 5 .  1  7 5  1  2  3  8 6 . 4  1 1 1 .  
7 5  1  2  4  1 4 0 .  1  1  1 3 .  1  7 5  1  5  1  6 2 . 9  6 7 .  
7 5  1  5  5  9 0 . 6  1  0 5 .  1  7 5  1  5  3  1 2 0 . 8  1  0 7 .  
7 5  1  5  4  8 2 .  3  1 6 2 .  i  7 5  2  1  1  5 5 . 7  5 7 .  
7 5  2  1  5  1 0 6 . 8  1 3 9 .  1  7 5  2  1  3  9 2 . 0  8 1  .  
7 5  2  1  4  5 9 . 6  1 0 9 .  I  7 5  2  2  I  1 2 2 . 9  9 9 .  
7 5  2  2  5  1  1 5 . 6  1 0 7 .  1  7 5  2  2  3  1  1 3 . 9  1 2 0 .  
7 5  2  2  4  1 0 9 . 7  1 1 0 .  1  7 5  2  3  1  4 2 . 2  1 1 0 .  
7 5  2  3  5  1  0 7 . 8  1 1 9 .  1  7 5  2  3  3  1 3 8 . 7  1 1 6 .  
7 5  2  3  4  1 3 7 . 6  9 9 .  1 7 5  2  4  1  7 7 . 8  1 0 8 .  
7 5  2  4  5  1 4 9 . 8  1 6 8 .  1  7 5  2  4  3  1 2 8 . 4  1 4 8 .  
7 5  2  4  4  1 2 6 .  1  1 3 3 .  1  7 5  2  5  1  9 3 . 6  1 5 2 .  
7 5  2  5  5  1 3 6 .  4  1 3 3 .  i  7 5  2  5  3  1 0 6 . 5  1 2 0 .  
7 5  2  5  4  1 2 5 . 3  1 4 3 .  1  7 5  2  6  1  1 4 1  . 3  1 6 9 .  
7 5  2  6  5  1 0 9 . 4  9 9 .  1 7 5  2  6  3  7 5 . 9  1 4 9 .  
7 5  2  6 4  1 4 3 . 5  1  0 3 .  1  7 5  3  1  1  8 4 . 0  4 7 .  
7 5  3  1  5  1 2 1 . 2  1  8 9 .  1 7 5  3  1  3  1 2 0 . 7  8 9 .  
7 5  3  1 4  8 4 . 3  1 1 7 .  1  7 5  4  1  1  4 9 .  0  6  1 .  
7 5  4  1 5  1  0 6 . 8  1 2 2 .  i  7 5  4  1 3  5 5 . 9  9 5 .  
7 5  4  1 4  5 2 .  1  1  0 4 .  1  7 5  4  2  1  3 8 .  1  3 3 .  
7 5  4  2  5  I  0 2 . 8  7 4 .  1  7 5  4  2  3  5 7 . 0  5 2 .  
7 5  4  2  4  7 7 . 0  6 5 .  J 7 5  4  3  1  9 1 . 3  7 5 .  
7 5  4  3  5  1 3 9 . 3  1 1 2 .  1  7 5  4  3  3  5 0 . 2  9 9 .  
7 5  4  3  4  8 9 . 2  1  1 4 .  1 7 5  4  4  1 5 6 . 6  7 9 .  
7 5  4  4  5  1 1 5 . 8  1  1 0 .  1  7 5  4  4  3  7 1  .  1  8 1  .  
7 5  4  4  4  1 2 6 .  1  9 4 .  1 7 6  1 1 1  2 6  . 9  5 2 .  
7 6  1 1 5  7 J .  1  9 6 .  1  7 6  1  1  3  7 3 . 3  1 0 0 .  
7 6  1  I  4  6 9 .  0  1  0 7 .  1  7 6  2  1  1  4 6 . 0  3 4 ,  
7 6  2  1 5  7 6 . 3  6 9 .  1  7 6  2  1  3  6 3 . 4  7 0 .  
7 5  2  I 4 4 5 . 1  8 1  >  i  7 6  3 1 1 4 3  =  0  4 5  =  
7 6  3  1  5  1 0 0 . 4  1  1 0 .  i  7 6  3  1  3  9 6 . 5  6 4 .  
7 6  3  1  4  7 2 .  0  1 2 0 .  1  7 6  4  1  1 2 1  . 9  3 5 .  
7 6  4  1  5  6 1 . 9  6 8 .  1  7 6  4  1  3  2 9 . 5  4 9 .  
7 6  4  1  4  4 0 . 0  5 0 .  1  7 6  3  3  1  9 0 . 4  1 2 9 .  
7 6  3  3  5  1 2 5 . 5  1 2 7 .  i  7 6  3  5  3  i  5 8 . 9  1 2 0 .  
7 6  3  3  4  1 4 4 . 3  1  1 6 .  1 7 6  1  3  1  1  0 2 . 5  1 0 8 .  
7 t >  1 3  5  8 6 .  7  1 3 3 .  i  7 6  1  3  3  9 0 . 7  2  1 9 .  
7 6  1 3  4  9 3 . 0  1 3 8 .  1 7 6  2  2  1  6 7 . 3  6 9 .  
7 6  2  2  5  6 4 . 3  9 2 .  i  7 6  2  2  3  7 7 . 0  8 0 .  
7 6  2  2  4  7 0 . 3  1 0 9 .  i  7 6  2  5  i 1 0 7 .  i  9 3 .  
7 6  2  5  5  1 4 4 . 6  9 6 ,  • 7 6  2  5  3  1 1 7 o 7  5 3 o  
7 5  2  5  4  1 3 0 . 5  6 8 .  i  7 6  < 2  1 5 8 . 0  6 5 o  
7 6  I 2  5  6 9 . 0  1 3 5 .  1 7 6  1  2  3  6 3 . 2  9 4 .  
7 6  1 2  4  8 1 . 1  1 3 8 .  !  7 6  3  2  1  1  1 7 = 5  8 5 .  
7 6  3  2  5  1 2 3 . 6  :  1 7 .  1  7 6  3  2  3  1 1 1 . 2  1 2 4 .  
7 6  3  2  4  1  1 5 . 5  9 5 .  !  7 6  3  3  1 9 0 . 4  1 2 9 .  
7 6  3  3  S  1 2 5 . 5  1 2 7 .  i  7 6  3  3  3  1 3 8 . 9  1 2 0 .  
7 6  3  3  4  1 4 4 . 3  116. !  7 6  3  5  1 1 5 6 . 4  1 1 6 .  
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T A B L E I 1 - C O R N  Y I E L D S  C L A R I O N  W E B S T E R  R E S E A R C H  C E N T E R { B U / A 5  
Y E A R  8 K  R O T  T M T  Y I E L Û I  Y I E L 0 2  j  Y E A R  B K  R C T  T M T  Y I E L O l  Y I E L D S  
7 6  3  5  5  1 6 2 .  6  1 2 6 .  1  7 6  2  5  J 1 2 3 . 6  1 4 0 .  
7 6  3  5  4  1 5 1 . 0  1 2 4 .  i  7 6  3  e  1  1 2 5 . 2  1 3 5 .  
7 6  3  6  5  1 5 1 . 4  1 5 0 .  1  7 6  3  6  3  1 1 6 . 7  1 0 7 .  
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T ABLEI 2-3 CJYBEAN YIELDS CLARION WEBSTER RESEARCH CENTER{BU/A) 
Y E A R  B K  R O T  T M T  Y I  E L D  1  Y I E L D 2  Y E A R  B K  R O T  T M T  Y I E U D l  Y I E L C  
6 5  2  3  1  3 6 , 5  3 4 . 7  j  6 5  2  3  2  3 7 .  4  3 9 . S  
e s  2  3  3  3 8 . 5  3 4 . 6  1  6 5  2  3  4  3 6 . 2  3 6 .  1  
6 5  2  4  1  3 4 . 3  3 7 . 5  1 6 5  2  4  2  3 5 . 7  3 7 . 0  
6 5  2  4  3  4 1 . 7  3 4 .  7  1  6 5  2  4  4  3 6 .  1  4 1 . 2  
6 6  2  4  I  5 5 . 8  5 4 . 9  1  6 6  2  4  2  5 1 . 7  5 3 . 0  
6 6  2  4  3  5 1  . 8  5 3 . 5  1  6 6  2  4  4  5 6 . 8  5 1 . 8  
6 6  2  3  1  0 . 7  5 0 . 5  i  6 6  2  3  2  5 0 . 2  4 8 . 9  
6 6  2  3  3  4 8 . 2  5 0 . 3  1  6 6  2  3  4  4 9 . 8  4 6 . 7  
6 7  2  4  1  4 0 . 6  4 9 . 6  J 6 7  2  4  2  3 4 . 6  4 9 . 4  
6 7  2  4  3  3 7 . 7  4 9 . 8  1 6 7  2  4  4  4 1  .  1  5 2 . 3  
6 7  2  3  1  3 3 . 3  4 3 . 3  | 6 7  2  3  2 2 9 . 8  4 2 .  1  
6 7  2  3  3  3 0 . 6  4 4 . 6  | 6 7  2  3  4  3 6 . 7  4 5 .  4  
6 8  2  4  1  5 0 . 5  4 7 . 0  1  6 8  2  4  2  5 2 . 0  4 9 .  8  
6 8  2  4  3  4 9 . 8  5 2 . 9  1 6 8  2  4  4  5 4 . 9  4 9 . 9  
6 3  2  3  1  4 0 . 8  4 8 . 9  1 6 8  2  3  2  4 5 . 8  4 6 .  1  
6 3  2  3  3  4 4 . 8  5 0 .  1  1 6 8  2  3  4  4 7 .  1  4 7 . 6  
6 9  2  4  1  4 1 . 1  5 4  . 6  I 6 9  2  4  2  2 9 . 2  5 3 . 0  
6 9  2  4  3  4 4 . 6  5 3 . 6  !  6 9  2  4  4  4 2 . 4  5 4 . 6  
6 9  2  3  I  4 4 . 6  4 1 . 8  | 6 9  2  3  2  4 7 . 3  4 6 .  4  
6 9  2  3  3  4 8 . 7  4 3 . 5  1  6 9  2  3  4  4 7 .  1  4 4 . 0  
7 0  2  4  1  4 5 . 0  4 3 . 7  j  7 0  2  4  2  4 4 . 2  4 3 .  1  
7 0  2  4  3  4 0 . 8  4 4 . 2  1 7 0  2  4  4  3 9 . 2  4 2 .  1  
7 0  2  3  I  3 7 . 3  4 4 . 6  1 7 0  2  3  2  3 9 . 4  4 0 . 0  
7 0  2  3  3  3 4 . 4  4 0 . 8  1  7 0  2  3  4  3 3 . 3  3 8 . 7  
7 i  2  1 2  #  1 2  •  C  2  4  c  1 2  5 0 * 7  
7 1  2  4  3  4 9 . 3  4 9 . 3  1  7 1  2  4  4  4 6 . 2  5 0 . 0  
7 1  2  3  I 5 0 . 3  4 4 .  0  j  7 1  2  3  5  4 4 . 8  4 7 . 9  
7 1  2  3  3  4 4 . 2  4 4 . 5  i  7 1  2  4  4 5 . 9  4 5 .  S  
7 2  2  4  I  4 4 . 8  5 1  . 0  1 7 2  2  4  5  4 2 . 0  5 2 . 4  
7 2  2  4  3  4 7 . 7  5 3 . 7  j  7 2  2  4  4  4 8 . 2  5 1 . 3  
7 2  2  3  1  3 5 . 5  4 5 . 5  !  7 2  2  3  5  4 4 . 5  4 1 . 9  
7 2  2  3  3  5 0 . C  4 4 . 8  1  7 2  2  3  4  5 1 . 4  3 9 . 5  
7 3  3  3  I  4 2  c O  3 6 . 0  1 7 3  3  3  5  3 8 . 3  3 7 . 7  
7 3  3  3  3  3 8 . 0  3 8 . 2  1  7 3  3  3  4  3 9 . 2  3 6 .  1  
7 4  4  3  I  3 6 . 7  3 5 . 5  i  7 4  4  3  5  3 3 .  6  3 7 .  1  
7 4  4  3  3 2 8 , 0  3 9 . 6  I 74 4  3  4  2 7 , 5  3 5 . 5  
7 5  1 3  1 4  4 . 0  5 2 . 4  1  7 5  1 3  5  3 8 = 6  4 9  =  6  
7 5  1  3  3  3 7 . 9  4 8 .  1  1 7 5  1  3  4  4 2 . 9  4 5 . 5  
7 6  2  3  1 2 8 . 7 7  3 7 . 5 8  i  7 6  2  3  5  3 4  =  4 9  3 4 = 2 0  
7 6  2  3  3  3 8 . 1 7  3 1  .  1 2  i  7 6  2  3  4  3 0 . 8 3  3 3 . 0 3  
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TABLE! 3-OATS YIELDS CLARION WEBSTER RESEARCH CENTEfi ( B U/A ) 
E A R  B K  R O T  T M T  Y I E L O l  Y I E L D 2 ]  Y E A R  B K  R O T  T M T  Y I E L O l  Y I E L D 2  
6 5  2  6  I  4 4 .  7  7 1 . 3  1  6 5  2  6  2  7 4 . 9  5 5 . 6  
6 5  2  6  3  3 6 . 3  7 2 . 5  1  6 5  2  6  4  4 5 . 9  7 3 . 7  
6 5  3  5  1  2 4 .  2  3 6 . 3  1  6 5  3 5  2  3 7 . 5  2 9  .  0  
6 5  - 3  5  3  4 3 . 5  4 2 . 3  1 6 5  3  5  4  4 2 . 3  3 9  . 9  
6 5  4  2  1  2 9 . 0  1 9 . 3  1  6 5  4  2  2  3 0 . 2  5 6 , 3  
6 5  4  2  3  2 9 =  0  3 1 « 4  i  6 5  4  2  4  3 0 . 2  6 6 , 5  
6 5  4  3  1  2 9 .  0  2 4 . 2  | 6 5  4  3  2  3 1  . 4  3 0 , 7  
6 5  4  3  3  3 2 . 6  2 9 . 0  1  6 5  4  3  4  2 3 . 0  4 7 .  1  
6 3  4  4  1  4 5 . 5  1 8 . 1  1  6 5  4  4  2  3 9 . 9  3 5 .  1  
6 5  4  4  3  4 1 . 1  3 3 . 8  I  6 5  4  4  4  4 2 . 3  3 6 . 3  
6 6  2  6  1  4 9 . 0  7 6 . 2  | 6 6  2  6  2  7 3 . 5  6 8 .  1  
6 6  2  6  3  7 3 .  5  6 8 .  1  j  6 6  2  6  4  7 3 . 5  6 8 .  1  
6 6  3  5  i  4 0 . 8  4 0 . 3  !  6 6  3  5  2  3 8 .  I  5 4 . 5  
6 6  3  5  3  3 3 . 1  6 6 . 7  1  6 b  3  5  4  5 5 . 8  5 7 . 2  
6 6  4  2  1  3 5 .  4  4 4 . 9  1  6 6  4  2  2  5 4 . 5  4 9 . 0  
6 6  4  2  3  2 8 . 6  4 9 . 0  !  6 o  4  2  4  5 8 . 5  4 9 . 0  
6 6  4  3  1  3 9 . 5  3 5 . 4  1  6 6  4  3  2  6 6 . 7  4 7 . 6  
6 6  4  3  3  5 8 . 5  4 7 . 6  1  6 6  4  3  4  5 0  . 4  5 0 . 4  
6 6  4  4  1  4 0 . 8  3 9 .  5  1  6 6  4  4  2  4 9 . 0  3 5 . 4  
6 6  4  4  3  7 3 .  5  6 4 .  0  i  6 6  4  4  4  4 7 . 6  8 1  . 7  
6 7  2  6  I  4 7 . 6  3 0 . 3  1  6 7  2  6  2  5 3 . 2  3 7 .  1  
6 7  2  6  3  5 2 . 2  4 7 . 6  1  6 7  2  6  4  7 2 . 6  8 0 . 8  
6 7  3  5  1  3 6 . 3  4 7 . 9  1  6 7  3  5  2  4 6  . 7  5 0 . 3  
6 7  3  5  3  5 1 . 3  4 9 . 0  1  6 7  3  5  4  7 0 . 0  7 4 . 8  
6 7  4  2  1  2 6 . 9  2 3 . 3  1  6 7  4  2  2  2 8 . 6  
6 7  4  2  3  4 1 . 1  3 5 .  1  1  6 7  4  2  4  7 2 . 9  6 5 . 4  
6 7  4  3  1  4 1 .  1  3 7 . 4  1 6 7  4  3  2  3 9 .  7  3 8 . 2  
6 7  4  3  3  3 8 . 8  3 9 . 4  1  6 7  4  3  4  7 4 .  5  6 8 . 6  
6 7  4  4  1  4 2 . 0  4 7 .  3  1  6 7  4  4  2  4 4 . 4  5 3 . 8  
6 7  4  <» 3  4 2 . 7  4 3  «  3  i  4  4  7 5 . 9  •  W  
6 3  2  6  1  6 7 . 8  6 8 .  1  1 6 8  2  6  2  7 2 . 0  6 4 . 8  
6 3  2  6  3  6 5 . 7  6 3 .  7  1  6 8  2  6  4  6 4 . 8  5 4 . 2  
6 3  3  3  I  5 2 . 5  5 2 .  1  j  6 8  3  5  2  7 1  . 6  5 0 .  7  
6 3  3  5  3  6 9 . 7  5 8 . 6  i  6 8  3  5  4  6 3 . 7  6 5 . 5  
6 8  4  2  1  3 1 . 0  3 7 .  7  j  6 8  4  2  2  4 3 . 1  3 7 . 7  
6 3  4  2  3  4 3 .  5  5 2 .  1  1  6 8  4  2  4  6 8 . 9  7 1  . 8  
6 3  4  3  1  4 0 . 5  2 8 . 0  j  6 8  4  3  2  4 9 . 8  5 2 . 3  
6 3  4  3  3  4 4 . 0  6 6 . 9  | 6 8  4  3  4  5 6 . 8  6 6 . 9  
6 3  4  4  1  5 2 . 3  4 7 . 7  i  6 8  4  4  2  5 1  . 6  5 5 . 8  
6 3  4  4  3  5 3 . 0  6 6 .  0  j  6 8  4  4  4  6 8 . 5  7 4 .  1  
6 9  2  6  1  6 5 . 9  5 7 . 6  j  6 9  2  6  2  6 0 . 2  6 5 . 3  
6 w  2  6  3  5 9 .  5  6 2 . 4  ;  6 9  2  6  4  6 6  .  9  5 8 . 6  
6 9  3  5  1  4 7 .  4  5 3 . 4  1  6 9  3  5  2  4 9 . 3  5 4  . 4  
6 9  3  5  3  6 4 . 3  6 1 . 8  I  6 9  3  5  4  7 0 . 4  6 4 . 3  
6 9  4  2  i  2 4 , 0  4 3 . 6  •  0 9  4  2  2  2 9 . 8  3 2  . 0  
6 9  4  2  3  2 8 . 2  3 6  =  2  1 6 9  4  2  4  4 8 e O  5 7 . 3  
6 9  4  3  1  4 7 . 9  3 5 . 8  i  6 9  4  3  2  3 9 . 0  3 2 . 3  
6 9  4  3  3 9 « 0  2 5 .  3  !  6 9  4  3  4  4 9  =  3  5 9  o  2  
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TAÔLEI3-0ATS YIELDS CLARION WEBSTER RESEARCH CENTER(BU/A) 
E A - R  3 K  R O T  T M T  Y I E L D  I  Y I E L D 2  j  Y E A R  B K  R C T  T M T  Y I E L D l  Y I C L D 2  
6 9  4  4  1  3 7 . 8  5 9 . 5  1  6 9  4  4  2  3 4  . 6  4 1 . 0  
6 9  4  4  3  3 8 .  4  4 0 . 6  1  6 9  4  4  4  5 0 . 2  5 5 . 4  
7 0  2  6  1  7 3 . 9  6 4  .  4  1  7 0  2  6  2  7 6 . 2  6 1 . 6  
7 0  2  6  3  6 4 . 4  6 9 . 5  i  7 0  2  c  4  6 9  e  5  Ô 7  «  2  
7 3  3  5  1  5 1  .  5  5 0 . 4  1  7 0  3  5  2  5 8  . 8  5 5 . 5  
7 0  3  5  3  4 1 . 5  5 3 .  2  Î  7 0  3  5  4  5 2 .  1  5 9 . 9  
70 4  2  1  4 0 .  3  4 4 . 9  1  7 0  4  2  2  4 4 . 3  3 8 .  1  
7 0  4  2  3  4 2 .  0  4 5 .  4  1  7 0  4  2  4  4 5 . 4  4 9 . 9  
7 0  4  3  1  4 2 . 0  4 5 . 9  1  7 0  4  3  2  4 7 .  1  4 6 . 5  
7 0  4  3  3  5 3 . 8  4 2 .  0  i  7 0  4  3  4  4 4 . 8  4 4 . 8  
7 0  4  4  1  4 4 .  5  5 2 .  1  1  7 0  4  4  2  5 1 . 5  5 3 . 8  
7 0  4  4  3  5 2 .  7  4 8 .  7  1  7 0  4  4  4  5 8 . 8  4 5 . 9  
7 i  2  6  1  6 3 .  2  7 6 . 3  !  7 1  2  6  5  6 4 . 3  8 5 . 2  
7 1  2  6  3  6 4 . 5  6 3 . 2  1  7 1  2  6  4  7 5 . 0  7 1 . 2  
7 1  3  5  1  4 2 . 2  5 0 . 4  1  7 1  3  5  5  4 6 . 3  4 7 . 9  
7 1  3  S  3  4 2 . 0  4 8 . 6  1  7 1  3  5  4  6 8 .  1  5 3 . 2  
7 1  4  2  1  2 7 . 4  3 0 . 2  1  7 1  4  2  5  2 9 . 7  3 2 . 0  
7 1  4  2  3  2 5 . 6  2 8 .  7  ) 7 1  4  2  4  4 5 . 8  3 6 .  1  
7 1  4  3  1  2 8 . 9  5 4 . 5  1  7 1  4  3  5  2 6 . 4  3 8 . 4  
7 1  4  3  3  3 3 .  5  3 7 .  1  1  7 1  4  3  4  4 8 .  J  2 5 . 1  
7 1  4  4  1  3 5 . 8  3 7 . 6  1  7 1  4  4  5  3 1  . 2  4 3 . 3  
7 1  4  4  3  4 4 . 8  3 9 . 9  1  7 1  4  4  4  4 6  . 3  5 7 . 6  
7 2  2  6  1  6 3 . 0  7 0 . 4  1  7 2  2  6  5  7 2 . 9  7 2 . 9  
7 2  2  6  3  6 5 . 6  6 5 . 6  1  7 2  2  6  4  6 9 .  1  6 9 . 4  
7 2  3  3 1  5 4 .  7  6 4 . 0  1  7 2  3  5  5  8 2 . 5  6 6  . 2  
7 2  3  5  3  7 1 . 4  7 3 . 4  1  7 2  3  5  4  6 5 .  6  6 6 . 2  
7 2  4  2  1  2 9 .  1  3 5 . 2  i  7 2  4  2  5  4 8 . 0  4 1  . 6  
7 2  4  2  3  3 5 . 2  5 1 . 5  1  7 2  4  2  4  6 3 . 3  5 8 . 8  
7 2  4  3  1  5 2 .  5  8 8 .  0  1  7 2  4  3  5  6 7 . 2  6 5 . 0  
7 2  4  • a  3  4 0 ^ 0  4  1  i  7 2  A  3  4  6 5  ?  0  5 4 . 7  
7 2  4  4  I  3 3 .  3  4 2 . 8  Î  7 2  4  4  5  6 4 . 0  5 4  «  4  
7 2  4  4  3  5 5 . 4  4 8 .  3  1  7 2  4  4  4  5 2 . 5  6 8 . 5  
7 3  i  2  i  1 7 . 0  2 5 .  6  i  7 3  1  2  5  3 7 . 5  5 2 . 2  
7 3  1  2  3  2 6 . 5  2 8 . 5  1  7 3  1  2  4  3 2 . 0  4 3 .  5  
7 3  1  3  1  3 2 . 0  5 4 .  4  i  7 3  i  3  5  3 9 . 6  5 2 .  S  
7 3  1  3  3  3 1 . 5  3 3 . 0  1  7 3  1  3  4  3 8 . 7  4 5 . 8  
7 3  2  5  ! 3 8 ®  7  3 4 , 3  i  7 3  2  5  5  5 7 . 6  4 9 .  0  
7 3  2  5  3  4 0 . 0  3 7 .  1  1  7 3  2  5  4  4 7 . 0  4 3 . 5  
7 3  3  6  1  5 6 .  0  5 8 . 5  1  7 3  3  Ô  5  4 5 .  1  5 9 . 9  
7 3  3  6  3  6 3 .  0 5 4 . 4  i  7 3  3  6  4  5 4 . 4  4 3 . 2  
7 4  2  2  1  5 0 .  0  3 4 =  4  !  7 4  2  2  5  5 7  . 8  6 1 . 6  
7 4  2  2  3  4 6  « 9  5 0 c 0  1  7 4  2  2  4  5 2 . 2  6 8 . 2  
7 4  2  3  1  3 5 . 6  4 0 . 0  1  7 4  2  3  5  7 1  . 9  6 8 . 8  
7 4  2  3  3  5 6  a  6  4 8  =  5  1 7 4  2  3  4  5 0 . 6  6 5 . 7  
7 4  3  5  1  5 9 . 7  6 8 . 2  !  7 4  3  5  5  8 4  o  4  8 4 . 4  
7 4  3  5  3  5 8 . 8  7 5 . 0  1  7 4  3  5  4  6 5 . 1  8 6 .  0  
7 4  4  6  1  7 8 . 2  7 6 . 6  1 7 4  4  Ô  5  7 2 . 8  S 5 .  3  
7 4  4  6  3  8 4 .  1  7 8 . 2  1  7 4  4  6  4  7 5 . 0  9 0 .  0  
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TA8LEI3-ÛATS YIELDS CLARiCN WEBSTER RESEARCH CENTER(BU/A) 
EAR BK ROT TMT YlELDl YIELD21 YEAR BK ROT TMT YIELD! YIELD2 
75 1 6 1 55.6 71 .3 175 1 6 5 38.4 69.4 
75 1 6 37, 2 38.8 175 1 6 4 46 63 .4 
75 4 5 1 42. 8 46.9 1 75 4 5 5 6 0.9 70.0 
75 4 5 3 51.3 4 Ô « 4 ]75 4 5 4 63.S 65 .9 
75 3 2 1 37.5 36.3 1 75 3 2 5 57.2 S3 .8 
75 3 2 3 33.S 50.3 175 3 2 4 39.7 53 0 1 
75 3 3 I 44. 7 49.4 J 75 3 5 5 66.9 62.8 
75 3 3 3 59.7 43.4 1 75 3 3 4 54.4 50.0 
76 4 2 1 27.5 39.4 1 76 4 2 3 41 .9 46 .3 
76 4 2 4 52. 5 59.4 1 76 4 2 5 83.8 76.2 
76 4 3 1 46.9 31.3 176 4 3 5 82 .5 77.5 
76 4 3 3 44.4 57.5 1 76 4 3 4 53.8 45. 0 
76 1 5 i 50.6 48.8 i 76 1 5 5 46.9 86.2 
76 1 5 2 68. 2 75.6 1 76 1 5 4 86.9 65. 1 
76 2 6 1 40.0 88.8 1 76 2 6 5 80.7 91 .9 
76 2 6 3 77.5 96.3 1 76 2 6 4 70.0 88.8 
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TABLEI4-MEAOQW YIELDS CLARICN WEBSTER RESEARCH CENTER(S«T/A) 
YEAPl BK ROT TMT YIELDl YI EL D2 | YEAR BK ROT TMT YIELDl YIELDS 
65 3 6 1 3.11 4.34 1 65 3 6 2 2.42 2. 53 
65 3 6 3 2.64 3.92 1 65 3 6 4 2. 20 3,51 
65 4 5 1 3.72 4.70 1 65 4 5 2 4. 08 5.47 
65 4 5 4.2 5 4 .9 L 1 Ô5 5 4 3. 54 5*15 
66 3 6 1 3.12 2 .79 1 66 3 6 2 2.87 2. 19 
ÔÔ 3 6 3 2.77 2.86 }66 3 6 4 3.11 2o 15 
66 4 c 1 3.00 2.51 i 66 4 5 2 3. 05 2.78 
66 4 5 3 2 .46 2.26 |66 4 5 4 2.90 2.62 
66 4 6 1 1 .94 2.87 1 66 4 6 2 1 . 97 1 .33 
66 4 6 3 2.01 2.29 1 66 4 6 4 1 .93 2.32 
67 3 6 1 4.37 4,47 1 67 3 6 2 3.93 4. 06 
67 3 6 3 3.80 4. 1 8 167 3 6 4 4.30 4.19 
67 4 5 1 3 = 75 3,93 1 67 4 5 2 4.07 4.25 
67 4 5 3 3.39 4,10 1 67 4 5 4 4. 01 4o 14 
67 4 b 1 3.54 4,48 1 67 4 6 2 3. 88 4. 26 
67 4 6 3 3.74 4.25 |67 4 6 4 3. 73 4.06 
63 3 6 1 5.93 6.75 1 68 3 6 2 6. 18 6. 13 
68 3 6 3 6.35 5,47 i 68 3 6 4 6.57 6 . 06 
68 4 5 1 5.73 4.71 1 68 4 5 2 4. 86 4.51 
68 4 5 3 5.27 4.60 1 68 4 5 4 5.60 4. 74 
68 4 6 1 4.51 5.74 1 68 4 6 2 5.17 5. 46 
68 4 6 3 5.06 5.27 1 68 4 6 4 4.57 5.77 
69 3 6 1 3.85 3.74 j 69 3 6 2 3.94 3.65 
69 3 6 3 3.64 3.48 1 G9 3 6 4 3.13 5.79 
69 4 5 1 3.69 2.95 1 69 4 5 2 3.6 1 3.56 
69 4 5 3 4.03 3. 86 169 4 5 4 3.66 3.60 
69 4 6 1 3.97 3.71 i 69 4 6 2 3. 72 3.99 
69 4 6 4.09 3.89 |69 4 6 4 4.2b 3. 95 
70 3 6 1 4.51 5.34 1 70 3 6 2 4. 72 5. 23 
70 3 6 3 4=40 5^13 ! 70 3 6 4 4. 71 5.11 
70 A 5 1 5.28 4.95 1 70 4 5 2 5o 2Î 4, Ô4. 
70 4 5 3 5.25 5.17 1 70 4 5 4 5.37 5. 14 
70 4 6 1 4 . 77 5.41 i 70 4 a 2 5«25 5= 12 
70 4 6 3 4.88 5.16 i 70 4 6 4 4. 77 5.35 
71 5 6 1 4.32 4.43 1 71 •3 6 4.11 4s40 
71 3 6 3 4.02 4.48 1 71 3 6 4 4,11 4.47 
71 4 5 1 4.28 4.18 i 71 4 5 5 4,20 4.16 
71 4 5 3 4.00 4.47 1 71 4 5 4 4.27 4.72 
71 4 6 i 6-37 5.21 1 71 4 6 5 5.98 4.95 
71 4 6 3 5.85 4.70 i 71 4 6 4 6.37 4o 74 
72 3 6 1 4.64 4.42 ! 72 3 6 5 4.88 4.21 
72 3 6 3 4o I 7 4.31 i 72 3 6 4 4. 74 4. 71 
72 4 5 1 4.97 4.30 1 72 4 5 5 4.41 3. 74 
72 4 5 3 4.85 3.87 I 72 4 5 4 4.94 3. 59 
72 4 6 1 5o70 3e98 '.72 4 6 c 5.62 3.92 
72 4 6 3 5.05 3.96 1 72 4 6 4 5.76 3.95 
73 I 5 I 4.24 4.39 ! 73 1 5 5 4à 19 4^91 
73 1 5 3 4.53 4.26 1 73 1 5 4 3 .44 4.89 
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TAbU£I 4-MEADOW YIELDS CLARION WEBSTER RESEARCH CENTER(S.T/A) 
YEAR BK ROT TMT YlELOl YIELD21 YEAR BK ROT TMT YIELDl YIELD2 
73 1 6 1 6.02 5.56 73 1 6 5 5. 12 6. 32 
73 1 6 3 5.50 5.63 73 I 6 4 5.21 6. 01 
73 2 6 1 3.59 4.05 73 2 6 5 3. 77 2.82 
73 2 6 Z 3.20 4.50 73 2 Ô 4 3.60 3.63 
74 2 5 1 3.93 4.21 7$ 2 5 5 4.63 3.84 
74 2 5 3 3.88 3.30 74 2 5 4 4.14 3.50 
74 2 6 1 3.67 3.98 74 2 6 5 3.23 3.15 
74 2 6 3 2.78 3.78 74 2 6 4 4.10 4. 62 
74 3 6 1 3.95 4.40 74 3 6 5 4.06 3.89 
74 3 6 3 4.05 4.65 74 •3 6 4 4.04 3.92 
75 3 5 1 4.49 3.03 75 3 5 5 4.62 4.23 
75 3 5 3 3.84 4.0 1 75 3 5 4 4.57 3.48 
75 3 6 1 5 = 65 4.95 75 3 6 5 5.74 4. 14 
75 3 6 3 5.31 4. 06 75 3 6 4 6.05 4. 72 
75 4 6 1 3.21 4.90 75 4 6 5 3.60 3.85 
75 4 6 3 2.75 3.64 75 4 6 4 3.22 3.48 
76 4 5 I 3.63 3.98 76 4 5 5 2.59 2.02 
76 4 5 3 1 .20 4.23 76 4 5 4 3 . 39 3.31 
76 4 6 1 4.98 5.68 76 4 6 5 5.24 5.58 
76 4 6 3 4 .46 5.48 76 4 6 4 5.00 5.43 
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TA3LEI5-CCRN YIELDS GAL VA PRIMGHAR RESEARCH CENTER(BU/A) 
YEAR BK ROT TMT YIELDl YIEL32| YEAR BK RGT TMT YIELDl YIELDS 
65 I I 0 60. 2 38. 1 1 o5 1 1 2 76.8 77. 1 
65 1 1 4 63. 5 SO. 1 1 65 1 1 6 82.3 79.4 
65 1 2 0 59.8 72.0 1 65 1 2 2 74.4 80.9 
65 1 2 4 79. 5 86.4 |65 1 2 6 71.6 95.9 
65 1 3 0 83.9 81.1 1 65 1 3 1 70.2 78.0 
65 3 2 85. 6 75.8 i 65 1 3 4 84.6 83.7 
65 1 5 0 83.9 87.9 1 65 1 5 1 83.6 92.2 
65 1 5 2 94.1 80.4 1 65 1 5 4 84. 5 85.8 
65 1 6 0 4.00 3.80 1 65 1 6 2 6.60 6.60 
65 1 6 4 9.60 8.80 1 65 1 6 6 5.20 5.40 
65 2 1 0 42. 4 55.5 1 65 2 1 2 63 .2 84.4 
65 2 1 4 71.9 90.0 1 65 2 1 6 69.2 94. 1 
65 2 6 0 3.10 5. 50 i 65 2 6 2 6.50 6.80 
65 2 6 4 8.50 3.70 1 65 2 6 6 5. 20 5.60 
65 3 1 0 37.3 48. 1 1 65 3 1 2 72.0 69.6 
65 3 1 4 84. 3 85.5 1 65 3 1 6 76.9 75.3 
65 3 2 0 72.0 59.4 1 65 3 2 2 93.7 81 .0 
65 3 2 4 87.6 79.3 1 65 3 2 6 95 .0 67.7 
65 3 6 0 3.3 4.0 1 65 3 6 2 4.7 4.3 
65 3 6 4 5.3 4.7 1 65 3 6 6 4.5 4.3 
65 4 1 0 53.3 58.6 1 65 4 1 2 78.7 76.5 
65 4 1 4 65.9 82.0 1 65 4 1 6 81 . 1 74.5 
65 4 3 0 57.3 67.3 1 65 4 3 1 72.0 71 .6 
65 4 3 2 73.9 71.2 165 4 3 4 68.2 68.4 
65 4 4 0 79.5 88.8 1 65 4 4 1 70.8 96.8 
65 4 4 2 85.5 87.4 1 65 4 4 4 81 .4 71.8 
65 4 6 0 4.3 3.3 j 65 4 6 2 4.2 3.8 
65 4 6 4 4.6 4.2 |65 4 6 6 4.0 4.0 
66 1 1 0 78. 5 80.0 1 66 1 1 2 110.8 110.3 
Ô6 i i 4 115.2 120. « 4 1 66 1 1 6 12<i-9 114 = 7 
66 1 3 0 107.9 108. 1 i 66 1 3 i 114.0 127.4 
66 1 3 2 I 15.4 134.8 1 66 1 3 4 122.2 112.0 
66 1 4 0 104.9 118.5 i 66 1 4 1 124.5 124.7 
66 1 4 2 131. 1 116.2 I 66 1 4 4 136.3 132. 1 
66 1 6 0 4.50 4.50 j 66 1 6 2 5.30 6. CO 
66 : 6 4 6.00 5.90 166 1 6 6 5.80 6.40 
66 2 1 0 77. 7 85.5 |66 2 1 2 92.9 115.7 
66 2 1 4 1 18.8 135. i { 6 6  2 1 6 109.2 133.2 
66 2  2  0  101.5 102. 7 j 66 2 2 2 109.4 114.3 
66 2  2  4 124. 4 129.8 j 66 2 2 6 125.5 125.2 
66 2  3 0  1 IS. 2 107.7 Î 66 2 3 1 1 12.5 lie.2 
66 2  3 2  120.3 111.0 j 66 2 3 4 116 = 6 115.5 
66 2  5 0 127.3 126.8 i 66 2 5 1 130.5 129.0 
66 2  5 2  120.2 129.4 Î66 2 5 4 135 = 0 131.6 
66 2 6 V 4.35 4.42 166 2 e 2 5.34 5.44 
66 2  6 4 6o07 5 .19 ! 66 2 6 6 6.21 5.94 
66 3 1 0  66. 8 78. 5 i 66 3 i '2 1 04.6 105.3 
66 2 1 4 ! 14o 3 131.7 ! 66 3 1 6 108.2 102. 1 
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TA8LEI5-C0RN YIELDS GAL VA PRIMGHAR RESEARCH CENT ER(BU/Aj 
YEAR BK ROT TMT YIELDl YIELD2| YEAR BK RCT TMT YIELDl YIELD2 
66 3 6 0 4.2 4.2 l66 3 6 2 5.7 5. 1 
66 3 6 4 6.0 5. 1 1 66 3 6 6 6.2 5.5 
66 4 1 0 68.3 69.9 j 66 4 1 ? 82.8 83.5 
66 4 1 4 88.4 96.5 i 66 4 1 6 99 . 7 92 . Û
66 4 2 0 100.7 84.7 1 66 4 2 2 112.1 83.7 
66 4 2 4 122. 1 90.3 i 66 4 2 6 125.0 87. 1 
66 4 6 0 4.50 3.70 1 66 4 6 2 5.90 4.70 
66 4 6 4 5.20 5.00 I 66 4 6 6 5.20 4. 80 
67 1 1 0 57.0 43.4 1 67 1 1 2 61.2 63.7 
67 1 1 4 57 o 2 74.4 1 67 I 1 6 71 .6 63.9 
67 1 2 0 56.2 86 . 6 1 67 1 2 2 70.8 79.8 
67 1 2 4 77. 0 81.4 1 67 1 2 6 76.8 99.3 
67 1 6 C 3.43 3.47 Î67 1 6 2 3.95 4 = 75 
67 1 6 4 4.49 4.38 1 67 1 6 6 3.27 4.88 
67 2 1 0 47.5 61.9 1 67 2 1 2 88 . 5 82.5 
67 2 1 4 72.6 91 . 1 1 67 2 1 6 56.2 84.9 
67 2 3 0 54. 4 49.9 1 67 2 3 1 63.7 52.8 
67 2 3 2 56.9 52.7 1 67 2 3 4 72.9 54. 1 
67 2 4 0 54.2 62.8 1 67 2 4 1 74.6 74.0 
67 2 4 2 85.5 77.6 1 67 2 4 4 94.7 90.0 
67 2 6 0 3.12 3.13 1 67 2 6 2 3.88 4.20 
67 2 6 4 5.37 4.46 1 67 2 6 6 4.26 4.32 
67 3 1 0 47. I 53.4 1 67 3 1 2 70.8 67.5 
67 3 1 4 80. 0 77. 1 |67 3 1 6 68.6 65.4 
67 3 2 0 63.6 66.7 I 67 3 2 2 81 .9 77.5 
67 3 2 4 78. 5 79.6 1 67 3 2 6 95.3 72.0 
67 3 3 0 67.6 53.9 167 3 3 I 60.8 48.7 
67 3 3 2 54. 2 66. 0 |67 3 3 4 61.2 50 .3 
67 3 5 0 83. 2 52.2 1 67 3 5 1 83. 1 60 . 6 
67 5 2 77.4 56^ 1 Î 67 3 5 A. 96.o 67= ! 
67 3 6 0 3.10 3.14 |67 3 6 2 4.28 2.93 
67 3 6 4 4.55 3.16 1 67 3 6 6 4.79 3.44 
6? 4 I 0 55.6 57 .2 i 67 4 1 2 65.2 79.4 
67 4 1 4 51.3 68.9 1 67 4 1 6 63.9 60.3 
67 4 6 0 3.77 2.82 i 67 4 6 2 3.91 3. 46 
67 4 6 4 3.66 3.54 1 67 4 6 6 3.96 3.80 
63 1 1 0 15.8 16.7 i 68 i 2 2 .2 1.3 
63 1 1 4 1.7 6.2 1 68 1 1 6 1 .5 9.3 
68 1 6 0 1.86 1 .97 i68 1 6 2 i .78 2.04 
68 1 6 4 2.25 2.17 1 66 1 6 6 1 .79 2.05 
63 2 1 0 1 !o2 17,8 ! 68 2 1 2 13.5 11.0 
68 2 2 4 1«5 5.3 168 2 1 6 0 = 2 1.8 
63 2 2 0 42. 7 33. 3 1 68 2 2 2 40.5 5.0 
63 2 2 4 22.2 9. a ! 68 2 2 6 31 .4 13.8 
63 2 6 0 1 .78 2.13 i 68 2 6 2 1«82 2 = 22 
63 2 6 4 2.34 2.05 |68 2 6 6 2.04 1 .88 
68 3 i C 16. 7 18.6 |ôS 3 i 2 .3 6.5 
63 3 I 4 «5 5. 1 ! 68 3 1 6 I .3 8.6 
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TA5LEI5-C0RN YIELDS GALVA PRIMGHAR RESEARCH CENTER!BU/A) 
YEAR BK ROT TMT YIELDl YIEL02| YEAR BK ROT TMT YIELDl YIELD2 
68 3 3 0 1.4 13.3 J 68 3 3 1 1 .6 3.3 
63 3 3 2 1.1 6.9 1 68 3 3 4 1 .4 6.9 
63 3 4 0 .5 28.4 1 68 3 4 1 .2 9.8 
68 3 4 2 2« 1 • 6 i 68 3 4 4 i .0 5.1 
68 3 6 0 2.06 1 .86 |68 3 6 2 2.33 2.10 
68 3 6 4 2.08 2.00 i 68 3 6 6 i .98 1 .93 
68 4 1 0 21.8 17.8 168 4 1 2 .3 1 . 1 
63 4 1 4 2.7 3.8 1 68 4 1 6 .8 .5 
68 4 2 0 37.8 25.6 1 68 4 2 2 16.0 17.4 
68 4 2 4 18.3 35.4 1 68 4 2 6 7.0 21.4 
68 4 3 0 1 .4 11.6 j  68 4 3 1 0.0 36.4 
68 4 3 2 7.5 1.0 |68 4 3 4 0.0 8.3 
68 4 5 0 7.4 35. 3 1 68 4 5 1 41 «9 9o9 
68 4 5 2 1.5 1 .6 |68 4 5 4 0.8 0.9 
68 4 6 0 2.28 1 .98 i 68 4 6 2 1.86 2. 13 
63 4 6 4 2.06 1 .90 |68 4 6 6 1 .74 1.98 
69 1 1 0 1 06.6 102.0 1 69 1 1 2 140.2 149.6 
69 1 1 4 146.6 147. 5 |69 1 1 6 151.4 153.2 
69 I  2 0 98.3 124.9 1 69 1 2 2 132.3 142.5 
69 1 2 4 149. 1 153.7 1  69 1 2 6 146.6 156.5 
69 I  3 0 149.3 138.2 |69 1 3 1 148.0 147.9 
69 1 3 2 155.4 144. 3 1 69 1 3 4 150.5 154.8 
69 1 5 0 160.7 163.2 1 69 1 5 1 160.6 163.6 
69 1 5 2 137.8 164. 6 1 69 1 5 4 156.9 159.9 
69 1 6 0 4.89 4.52 169 1 6 2 6.26 6.18 
69 1 6 4 7.60 7.38 169 1 6  6 7.21 7.38 
69 2 1 0 104. 1 117.4 1  69 2 1 2 125.2 133.0 
69 2 1 4 149. 7 150.3 1 69 2 1 6 251 .6 156. 1 
69 2 6 0 4.34 4.73 1 69 2 6 2 6.40 6.32 
69 2 6  4 7>71 S>06 i 69 2 6 6 6 = 93 7=46 
69 3 1 0 95.7 98. 7 ! 69 3 1 2 130.4 129. 2 
69 3 I  4 140.8 148.5 |69 3 1 6  149.7 139.6 
69 3 2 0 i 18.0 111.2 I 69 3 2 2 148.7 143. 1 
69 3 2 4 138.8 147.9 169 3 2 6  I  53. 0 153.2 
69 3 6 0 3.77 4.26 i 69 3 Ô 2 5. 45 5.24 
69 3 6  4 6.42 5.90 169 3 6  6  6.14 6.30 
63 4 1 0 104.5 99. 0 169 4 1 2 128.7 138.2 
69 4 1 4 139.2 145.5 1 69 4 1 6  140.5 156.2 
69 4 3 0 131 .4 141 .  1 169 4 3 I 140.5 139.3 
69 4 3 2 128.0 148.7 (69 4 3 4 132.2 1 46.6 
69 4 4 0 130,3 134o4 ! 69 4 4 1 1 27.5 138.7 
69 4 4 2 141 . 1 134. i i 69 4 4 4 130o7 144 0 8 
69 4 5 0 79.8 64.3 169 4 5 1 80.5 79.4 
59 4 5 2 51 « 6 79 = 4 1 69 4 5 4 65.9 75.6 
69 4 6 0 4.6: 3.76 169 4 6  2 5.92 5,53 
69 4 6 4 6.61 6.26 1 69 4 6  6 6.42 6.69 
70 i  i  0  55.0 57.6 1 7 0  1 i 2 70 .5 32.5 
70 I 1 4 62.4 92. 1 170 1 I  6  90.0 87. 9 
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TA3LEI5-CORN YIELDS GALVA PRIMGHAR RESEARCH CENTER(BU/AJ 
EAR BK RCT TMT YlELDl YIELD21 YEAR BK ROT TMT YIELDl Y1ELD2 
70 1 3 0 74.9 78.5 1  70 1 3 1 65.3 83.4 
70 1 3 ? 92.9 72.3 1 70 1 3 4 88.5 80.3 
70 1 4 0 59. 8 96.9 1  70 1 4 1 84.6 90.9 
70 1 4 2 97.3 79.8 1 70 1 4 4 108.2 96.7 
70 1  6  0 2.99 3.40 1 70 1 6 2  3.82 4.97 
70 1 6  4 4.52 4.90 i 70 1 6 6 3.30 4.28 
70 2 1  0 71.2 54.7 1  70 2 1 2 86.4 83.2 
70 2 1  4 103.4 89.5 1 70 2 1 6 102.0 92.6 
70 2 2 0 85.8 83.8 1  70 2  2 2  97.4 81 .7 
70 2 2 4 90. 1 85.8 1  70 2 2 6 89.4 87.4 
70 2  3 0 83. 1 75.5 1  70 2 3 1  81 .3 83. 1 
70 2 3 2 82.3 85.6 1  70 2 3 4 1 0 2 . 6  78.5 
70 2 5 C  107.0 89.8 i 70 2 5 1  102.9 1 01 .3 
70 2 5 2 97.4 96. 0 1 70 2 5 4 97.0 99.6 
70 2 6  0 3.43 3.14 1 70 2 6  2 3.99 3. 73 
70 2 6  4 5.03 3.89 1 70 2 6 6 4. 1 1 4.23 
70 3 1 0  59.8 46.2 |70 ^ 3 1  2 80.4 71 .0 
70 3 1 4 93.9 76.2 1 70 3 1  6 85.5 68.4 
70 3 6 0 2.80 2.81 1 70 3 6  2 3.84 3.25 
70 3 6 4 4.35 3.41 i  70 3 6 6 4. 47 3 . 68 
70 4 1 0  62.9 6 1.7 1 70 4 1 2 75.2 84. 0 
70 4 1 4 54. 1 71.6 i  70 4 1  6  81 . 1 73.2 
70 4 2 0 78.8 55.8 1 70 4 2 2 73.2 76.8 
70 4 2 4 92. 1 80. 1 1  70 4 2 6 87.4 83.0 
70 4 6  0 3.03 2.57 1  70 4 6 2 3.90 3.46 
70 4 6  4 3.40 3.63 i 70 4 6 6 3.88 3.56 
71 1 1  0  70. 1 86.8 1 71 1 1 2 107.8 1 13.3 
71 1  1 4 1 14.8 132.4 1 71 1 1  6 135.2 133.9 
71 1 2 0 77.8 1 0 2 . 1  1  71 1  2 2 107.3 123.5 
71 I  2 4  12 & # T 12u.  0  i  2 tk 1  19;6 141.4 
71 1  6  0 5.02 4.81 i 71 1  6 2 5.37 6* 1 0 
71 1 6 6 5.77 6 .85 1 71 2 1 0 75.8 68.2 
71 2 1 2 113. 1 107.2 i 7; 2 1 4 142. i 136.2 
71 2  1 6 136.7 138.3 1 71 2 3 1 1 10.9 124.7 
71 2  3 2 122.4 133.0 i 71 2 3 4 131 . 1 124.4 
71 2  4 0  105. 2 106.9 1 71 2 4 1 109.6 122.8 
71 2 4 2 111.8 136.7 1  71 2 4 4 125.2 132.2 
71 2  6 0  5.12 4.77 1  71 2 6 2 5.38 5.88 
71 2  6 4 7.04 6.08 1 71 2 6 6 7.67 7.74 
71 3 1 0  74.2 75.2 i 71 3 1 2 1 17.2 113.2 
71 3 1 4 128.9 127. 0 i 71 3 1  6  i29e4 125 c 3 
71 3 2  0 69. 1 97.6 1 71 3 2 2 122.6 117.7 
71 3 2  4 1 15.6 121.6 1 71 3 2 6 136.8 125.2 
71 3 3 C  122.5 114.9 ! 71 3 3 1  128 = 2  1 16.5 
71 3 3 2  137. 4 126.G ! 71 3 3 4 127.6 117.6 
71 3 5 0 146= 1 118.2 ! 71 3 5 1 146.0 128.0 
71 3 5 2 136.4 120.4 i 71 3 5 4 156.3 125.4 
71 3 e 0 4= 0 6  3,93 171 3 6 2 6.41 5.08 
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TABLEIS-CORN YIELDS GALVA PRIMGHAR RESEARCH CENTER(BU/A) 
EAR BK ROT T M T  YIELDl YIELD2 YEAR BK ROT TMT YIELDl YI EL 
71 3 6 4 7.26 5.10 1 71 3 6 6 6.94 5.58 
71 3 1 2 102-7 1 02. 0 l71 4 1 0 78.8 74.2 
71 4 1 2 116.0 116.0 171 4 1 4 108.4 136.0 
71 4 1 6 127. 0 1 19.8 1 71 4 6 0 4.53 3.70 
71 4 6 2 6.09 5.56 1 71 4 6 4 5.74 6.20 
71 4 6 6 6.56 6 .20 172 1 1 0 78.5 60.5 
72 1 1 2 121.7 93. 0 |72 1 1 4 139.3 120.3 
72 1 1 6 153.6 124.3 |72 1 6 0 3.30 3. 24 
72 1 6 2 4.84 4.88 i 72 1 6 4 5.78 5.50 
72 1 6 6 5.49 5.83 1 72 2 1 0 83.1 75.7 
72 2 1 2 101.2 110.3 172 2 1 4 131 .1 139.0 
72 2 1 6 151. 1 142.5 1 72 2 2 0 102.6 100.9 
72 2 2 2 I 13.5 120.9 1 72 2 2 4 138.0 140.0 
72 2 2 6 146.5 151.4 i 72 2 6 0 3.21 2.98 
72 2 6 2 4.07 4.64 1 72 2 6 4 4.90 5.26 
72 2 6 6 5.80 5.54 1 72 3 1 0 63.4 76.5 
72 3 1 4 132.7 127.4 1 72 3 1 6 137.6 139.0 
72 3 3 0 1 07.6 116.9 172 3 3 1 135.6 129. 1 
72 3 3 2 137. 0 141.7 1 72 3 3 4 143.2 145.3 
72 3 4 0 110.0 107.2 1 72 3 4 1 126.9 127.4 
72 3 4 2 135. 1 134,9 )72 3 4 4 146.8 143.9 
72 3 6 0 2.81 3.20 172 3 6 2 4.52 4.22 
72 3 6 4 5.73 5.06 172 3 6 6 5.41 5.55 
72 4 1 C 85.5 94.5 I 72 4 1 2 119.1 124.0 
72 4 1 4 121.3 134. 1 1 72 4 1 6 144.0 144.0 
72 4 2 0 91.0 91.4 1 72 4 2 2 129.2 134.3 
72 4 2 4 136.9 150.2 1 72 4 2 6 133.5 143.1 
72 4 3 0 134.6 133.2 1 72 4 3 1 140.4 137.3 
72 4 3 2 136. 1 140.5 1 72 4 3 4 145.9 138.5 
72 «• 5 0 140 # G 1 4 G # ^  1 72 4 c I 145 = 9 13S= 1 
72 4 5 2 147. 2 136.4 i 72 4 5 4 144.0 140.0 
72 4 6 0 4.06 3.03 1 72 4 6 2 5.51 5.00 
72 4 6 4 5.48 5.20 1 72 4 6 6 5.93 5.54 
73 1 1 0 93. 3 76. 175 1 1 2 128.6 1 18. 
73 1 1 4 135. 1 145. i 73 1 i 6 153.4 1 49 . 
73 2 1 0 85.8 80. 1 73 2 1 2 125. 7 109. 
73 2 I 4 144.8 137. 1 73 2 1 6 163.6 148. 
73 3 1 0 91. 5 81 . 1 73 3 1 2 122.1 119. 
73 3 1 4 135.6 140. i 73 3 1 6 148.1 156. 
73 4 1 0 96.2 103. 1 73 4 1 2 125.9 136. 
73 4 1 4 130.8 143. i 73 4 1 6 154o4 153e 
73 1 2 0 94.2 128. 1 73 « 2 2 135,2 139. 
73 1 2 4 145. 4 154. 1 73 1 2 6 143.0 153. 
73 3 2 0 102.3 107. 1 73 3 2 2 14! o6 138, 
73 5 2 4 147.3 145. •73 3 2 6 149.7 150. 
73 1 3 0 î46o 1 149. ! 73 1 3 1 142.6 153. 
73 1 3 2 144.0 148. i 73 i 3 4 150.5 152. 
73 4 3 Q 120e 5 105, 173 4 3 1 142.1 137. 
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TA3LEI5-C0RN YIELDS GALVA PRIMGHAR RESEARCH CENTEK(BU/A) 
EAR BK ROT TMT YI ELD I YIELD21 YEAR BK RCT TMT YlELDl YIELD2 
73 4 3 2 144.2 141. 73 4 3 4 150.8 157. 
73 4 4 0 125. 1 126. 73 4 4 1 102.6 133. 
73 4 4 2 156.5 140. 73 4 4 4 149.7 150. 
73 1 5 0 148.5 140. 75 i 5 2 i 45 . S 1 52 * 
73 1 5 2 151.7 148. 73 1 5 4 147.4 152. 
73 1 6 0 5.95 3.6 73 1 6 2 5. 18 6.2 
73 1 6 4 7.19 7.5 73 1 6 6 6.29 7.0 
73 2 6 0 3.43 3.6 73 2 6 2 5.82 6.3 
73 2 6 4 6.59 6.3 73 2 6 6 7.03 6.5 
73 3 6 0 3.56 3.2 73 3 6 2 5.43 5.0 
73 3 6 4 6.98 6.4 73 3 6 6 6.92 7.0 
73 4 6 0 3.57 3. 7 73 4 6 2 6.02 5.4 
73 4 6 4 6.37 6. 7 73 4 6 6 6 . 86 6.9 
74 2 1 0 76.2 66 • 74 2 1 2 105.4 101 . 
74 2 1 4 120.2 117. 74 2 1 6 105.7 116. 
74 2 2 0 1 14.4 1 17. 74 2 2 2 118.2 110. 
74 2 2 4 124.9 125. 74 2 2 6 121.5 118. 
74 2 3 0 124.0 ill. 74 2 3 1 121.4 i 1 8. 
74 2 3 2 112.7 1 17. 74 2 3 4 111.9 122. 
74 2 5 0 125. 7 128. 74 2 5 1 129.6 118. 
74 2 5 2 120.3 139. 74 2 5 4 1 19.6 127. 
74 2 6 0 4.06 3.6 74 2 6 2 5.42 6.2 
74 2 6 4 6.05 6.2 74 2 6 6 6.25 5.8 
74 I 1 0 65.3 74. 74 1 1 2 96.7 105. 
74 1 1 4 99. 4 120. 74 1 1 6 117.2 109. 
74 1 3 0 108. 1 1 04. 74 I 3 I 107. 1 113. 
74 1 3 2 117.4 123. 74 1 3 4 115.8 123. 
74 1 4 0 1 02. 9 1 18. 74 1 4 1 119.7 124. 
74 1 4 2 1 19.6 125. 74 1 4 4 121 .7 123. 
74 1 6 3^61 3=5 74 1 6 2 5.61 5.5 
74 1 6 4 6.30 e. 1 74 1 6 6 5.82 6.0 
74 3 1 0 71.3 71 . 74 3 1 2 106.5 104. 
74 3 i 4 120.3 114. 74 3 1 6 Î 17.5 109. 
74 3 6 0 3.63 3.4 74 3 6 2 5.37 4.9 
74 3 6 4 7.12 5.7 74 o 6 6 6. S3 6.2 
74 4 1 0 75. 0 70. 74 4 1 2 98.7 91 . 
74 4 I 4 94.0 107. 74 4 1 6 109. Î 1 06 . 
74 4 2 0 104.5 86. 74 4 2 2 1 18.7 103. 
74 4 2 4 1 15.7 1 06. 74 4 2 6 1 14.6 110. 
74 4 6 0 3.46 3.0 74 4 6 2 4. 72 4.7 
74 4 6 4 So 19 4.8 74 4 6 6 5.38 5.4 
75 : 1 0 59= 1 4! » 75 1 i 2 77.6 94. 
75 1 1 4 96.0 1 15. 75 1 1 6 126.9 134. 
75 2 1 0 67o2 38. 75 2 1 2 62.6 58. 
75 2 1 4 110.6 77 = 75 ? Î 6 141,7 128. 
75 3 1 0 56.2 57. 75 3 1 2 80.1 78. 
75 3 I 4 li 1.0 t i l e  75 3 1 6 133.4 135. 
75 4 1 0 56.6 42. 75 4 1 2 102.8 91 . 
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TA3LEI5-CORN YIELDS GAL VA PRIMGHAR RESEARCH CENTERC BU/A) 
EAR BK ROT TMT YIELOl YIEL021 YEAR BK ROT TMT YIELD! YIELD2 
75 4 1 4 98.2 100. 1 75 4 I 6 135.6 118. 
75 1 2 0 80. I 85. 1 75 1 2 2 117.7 120. 
75 1 2 4 132.8 140. 1 75 1 2 6 139.4 146. 
75 3 2 0 73. 6 92 « 1 75 3 2 2 112. 
75 3 2 4 1 17. 8 127. I 75 3 2 6 147.5 140. 
75 3 3 0 141.7 126 . i 75 3 3 1 149= 8 143, 
75 3 3 2 144.0 137. 1 75 3 3 4 149.7 143. 
75 2 3 0 66. 1 84. ! 75 2 3 1 89.7 114. 
75 2 3 2 111.6 124. 1 75 2 3 4 122.9 145. 
75 2 4 0 120.8 96. 1 75 2 4 1 129.0 119. 
75 2 4 2 134.1 134. 1 75 2 4 4 156.2 144. 
75 3 5 0 154. 0 141 . 1 75 3 5 1 151 .3 149. 
75 3 5 2 137.2 139. ! 75 3 5 4 152.0 145. 
75 1 6 0 4.44 3.9 1 75 1 6 2 5.65 5.1 
75 1 6 4 7.07 7.2 1 75 1 6 6 7.70 8.0 
75 2 6 0 4.82 3. 7 1 75 2 6 2 5.59 5.2 
75 2 6 4 6.54 5.5 1 75 2 6 6 7.68 7.2 
75 3 6 0 3.45 3.6 i 75 3 6 2 7.19 5.6 
75 3 6 4 7.78 7.4 1 75 3 6 6 8.30 8.5 
75 4 6 0 3.15 2.7 1 75 4 6 2 5.08 5.7 
75 4 6 4 5.60 6.2 1 75 4 6 6 6 « 46 6.4 
76 I 1 0 53.8 41 . 1 76 1 1 2 68.7 52. 
76 1 1 4 86.9 76. 1 76 1 1 6 96.0 82. 
76 2 1 0 57.2 43. 1 76 2 1 2 81 .0 74. 
76 2 1 4 88.9 96. 1 76 2 1 6 98.4 92. 
76 3 1 0 44.2 40. 1 76 3 1 2 66.4 72. 
76 3 1 4 84.2 79. 1 76 3 1 6 84.3 81 c 
76 4 1 0 61.9 62. 1 76 4 1 2 79. 1 81. 
76 4 1 4 63.5 88 . 1 76 4 1 6 86 * 5 91 . 
76 2 2 0 87.8 74. ! 76 2 2 2 98.2 82. 
76 2 2 4 93. 7 77. i 76 2 2 t> e f 83 . 
76 4 2 0 79. 7 57. 1 76 4 2 2 85.5 78. 
76 4 2 4 90. 0 65. i 75 4 2 6 96 = 7 85 = 
76 4 3 0 74.5 1 07. i 7d 4 3 i 110.6 94. 
76 4 3 2 95.9 1 07 . 1 75 4 4 100.9 
76 3 3 0 59.2 66. 1 76 3 3 1 83.2 74. 
76 3 3 2 76.8 80. 1 76 3 3 4 75.2 78. 
76 3 4 0 90.3 84. 1 7t> 3 4 1 93.8 84. 
76 3 4 2 97.7 92. 1 76 3 4 4 98. 1 84. 
76 4 5 C 112.0 91 . i 76 4 5 102 = 6 97 e 
76 4 5 2 110.8 79. 1 76 4 5 4 80.1 73. 
76 1 6 0 3.76 3.6 i 76 1 6 2 3.72 3.6 
76 1 6 4 4.16 3.8 1 76 1 6 6 4.07 3.9 
76 2 6 0 4.73 4.6 J 76 2 6 2 5. 00 4.8 
76 2 6 4 So 1 4 5.2 ! 76 2 6 6 5.23 5.2 
76 3 6 0 4.97 5.0 1 76 3 6 2 5.54 5.5 
76 3 6 4 6.59 5 = 9 ! 76 3 6 6 5.95 6 0 5 
76 4 6 0 3.76 2.1 i 76 4 6 2 3.59 2.8 
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TABLEI5-CORN YIELDS GALVA PRIMGHAR RESEARCH CENTER(BU/A) 
YEAR BK RCT TMT YIELDl YIELD2| YEAR BK ROT TMT YIELDl YIELD2 
76 4 6 4 2.16 3.7 | 76 4 6 6 2.65 3.8 
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TA3LEI6-5ÛY8EAN YIELDS GALVA PRIMGHAR RESEARCH CENTER(dU/A) 
YEAR a <  RCT TMT Y I EL D I YIELÙ21 1 YEAR dK RCT TMT Y I EL01 YIELD2 
65 2 2 0 20. 0 23.6 1 65 2 2 2 25.8 21.o 
65 2 2 4 25.6 23.6 1 65 4  2 0 22 .o 16.6 
65 2 2 6 23. J 23.0 ) o5 2 2 22.o 18,6 
65 4 2 4  27.2 2 1 . o i o5 4 2 Ô 24 . 6 22 « 6 
66 1 2 0 36. 0 36.8 1 66 1 2 2 36.8 39.6 
66 i 2 4 37.6 40.0 166 1 2 6 37.6 42.8 
66 3 2 0 39.8 42.0 1 66 3 2 2 38.0 41,4 
66 3 2 6 38. 0 36. 3 |66 3 2 4 39.4 39 . 0 
67 2 2 0 28. 8 26.6 |67 2 2 2 29.0 26.2 
67 2 2 4 27. 2 29.0 167 2 2 6 29.4 26.4 
67 4 2 0 26.2 20.4 167 4 2 2 24.2 27.0 
67 4 2 4 27.4 23.2 1 67 4 2 t> 27.4 26.0 
63 1 2 0 7o6 9c 8 i66 1 2 2 13.3 9.0 
63 1  2 4 13.7 11.6 |68 1 2 6 11.3 6,9 
63 3 2 0 7. 7 10.1 |6S •a 2 2 8. 1 9.6 
63 3 2 4 6.4 8.9 1 68 3 2 6 7.7 10.2 
69 2 2 0 53.0 49.4 169 2 2 2 54.4 45 . 5 
69 2 2 4 53.3 49.4 i 69 2 2 6 57.6 50.9 
69 4 2 0 53.0 41.6 169 4 2 2 53.0 44.0 
69 4  2 4 58.7 45.9 169 4 2 6 55.6 47.4 
70 1 2 0 23. 2 35.3 1 70 1 2 2 28.5 30.2 
70 1  2 4 24. 9 30.4 1 70 1 2 6 25.6 38.0 
70 3 2 0 33.8 23.8 i 70 3 2 2 30.4 29.8 
70 3 2 4 24. 1 2 1.7 1 70 3 2 6 32.5 19.4 
71 2 2 0 39. 6 38.4 1 71 2 2 2 45.0 32.4 
71 2 2 4 47.3 35.2 1 71 2 2 6 41.5 36.4 
71 4 2 0 35.2 24.5 1 71 4 2 2 33 .6 27.8 
71 4 2 4 35.3 37.4 J71 4 2 6 37.2 33.9 
72 1  2 0 36. 0 42.8 172 1  2 2 47.6 41.6 
72 1 2 4 42= 3 44-7 !72 1 2 6 •43-3 40.4 
72 3 2 0 48. 1 50.0 i 72 •a 2 2 49.5 42.3 
72 3 2 4 48. 1 47.1 1 72 3 2 6 42.3 49.5 
73 2 2 C 49. 5 44 # 173 2 2 2 45.0 39. 
73 2 2 4 48.3 43. 1 73 2 2 6 47.9 45. 
73 4 2 C 49. 9 4 1  .  I 73 4  2 2 49 . 0 45. 
73 4 2 4 47.3 41 . 1 73 4 2 6 53.5 45. 
74 ! 2 0 28.6 31 . 1 74 i 2 2 32.9 32. 
74 1 2 4 32. 1 2 8 .  I 74 1  2 6 29.0 34. 
74 3 2 0  30.2 29. i 74 3 2 2  31 .0 30. 
74 3 2  4  33.6 27. i 74 3 2 6 34 .0 32. 
75 2  2  0  47. 4 43. 175 2 2 2  46 .6 36. 
75 2  2  4 48.5 39. i 75 2  2 6 45.5 47. 
75 4 2  0  43.9 31 . 175 4 2 2  47.0 38. 
75 4 2 4 34.4 32 . 175 4 2 6 43.2 34. 
76 1 2 0 33=6 36 = 176 I 2 2 34.7 34. 
76 I 2  4 33.2 29. 1  76 1  2 6  34.0 35, 
76 3 2 0 27.S 35. J  75 2 2 2 35. ? 39. 
76 3 2  4 29. 0 39. 1 76 3 2 6  35.1 36, 
TABLElî-OATS YIELDS CLARION WEBSTER RESEARCH CENTER(BU/A) 
YEAR BK ROT TMT YIELDl YIELD2 YEAR BK ROT TMT YIELDl YIELD2 
65 3 3 0 61.0 70.4 65 3 3 1 73.0 71 .2 
65 3 3 2 93.8 76.5 65 3 3 4 1 01.0 109.1 
65 3 4 0 62.4 48.0 65 3 4 1 78.9 58.5 
65 3 4 2 92.7 76.9 65 3 4 4 126.3 92.8 
65 4 5 G 101.2 107.6 65 4 5 1 112.8 I 19. I 
65 4 5 2 110.3 117.4 65 4 5 4 109.7 î 18.9 
66 1 5 0 1 14.0 99.9 66 1 5 1 116.9 1 12.9 
66 1 5 2 105.9 98. 3 66 1 5 4 117,2 1 13.0 
66 4 3 0 91.6 95.6 66 4 3 1 115.2 1 04 .6 
66 4 3 2 106.7 115.6 66 4 3 4 108. 1 102.7 
66 4 4 0 77.8 90.9 66 4 4 1 86.7 97.7 
66 4 4 2 105. 3 107.6 66 4 4 4 112.8 100.5 
67 1 3 C 65.5 67.2 67 1 3 1 72.5 74.4 
67 1 3 2 83.4 76.5 67 1 3 4 92.8 1 00.1 
67 1 4 0 54.2 62.8 67 1 4 1 74.6 74.0 
67 1 4 2 85.5 77.6 67 1 4 4 94.7 90.0 
67 2 5 0 74.0 74. 1 67 2 5 1 67.2 85.5 
67 2 5 2 93.3 81.8 67 2 5 4 81 .9 69.5 
68 2 3 0 30.7 30.8 68 2 3 1 30.8 36.0 
68 2 3 2 33.2 39.6 68 2 3 4 33. 1 37.7 
68 2 4 0 32.9 33.2 68 2 4 1 35.4 34.2 
68 2 4 2 36.6 37.5 63 2 4 4 40.4 36.5 
68 3 5 0 42.4 32. 1 68 3 5 1 41 .3 33.8 
63 3 5 2 38. 8 31.3 68 3 5 4 41 .6 30.5 
69 3 3 0 73.9 72.0 69 3 3 1 85.4 71 . 1 
69 3 3 2 87.0 72.0 69 3 3 4 80.6 68.5 
69 3 4 0 75.2 75. 1 69 3 4 1 78.9 97.3 
69 3 4 2 76. 1 81.3 69 3 4 4 76.4 71 . 1
70 1 5 0 84.0 90.9 70 1 5 I 85.2 83.6 
70 1 5 2 S3.5 39.S 70 1 c 4 S6*3 SSiO 
70 4 3 0 59.8 85.2 70 4 3 1 78.6 90.2 
70 4 3 2 83. 7 85.6 70 4 3 4 82. 1 39.0 
70 4 4 0 60.0 69.6 70 4 4 i 61 .3 80 . 0 
70 4 4 2 68.5 75.4 70 4 4 4 60.3 68.4 
71 1 3 0 73.3 65.8 71 1 3 1 85.4 72.7 
71 1 3 2 88. 7 86.4 71 1 3 4 104.8 90.2 
71 1 4 0 70.5 90.0 71 1 4 1 85.5 32. 0 
71 1 4 2 90.2 94.2 71 1 4 4 80.8 100.9 
71 2 5 0 87.2 92.3 71 2 5 1 93.4 98.6 
71 2 S 2 99. 0 105.5 i 71 2 5 4 99.1 103.1 
72 2 2 0 54. 5 55,1 1 72 2 3 1 48=4 63o 5 
72 2 3 2 66. l 73.3 î 72 2 3 4 61.5 73.3 
72 2 4 0 55. 9 54.4 1 72 2 4 1 52.7 68 • 6 
72 2 4 2 48.9 84.2 ! 72 2 4 4 78o6 68.1 
72 3 5 C 67.5 54.0 i 72 3 5 1 62.0 75.2 
72 3 5 2 74.6 76.6 1 72 3 5 4 85.4 81 .5 
73 3 3 0 52. l 48. i 73 3 3 1 64.7 52. 
73 3 3 2 64.6 65. 1 73 3 3 4 75. 1 66. 
73 3 4 0 52.0 44. i  73 3 4 1 54.0 48. 
73 2 2 57. ? 59. 9 73 3 4 4 65:6 68, 
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TA3LEI7-0ATS YIELDS CLARION WEBSTER RESEARCH CENTER(6U/A) 
EAR 8K ROT TMT YIELOl YIELD21 YEAR BK ROT TMT YIELOl YIELD2 
73 4 5 C 80.5 79. 1 73 4 5 1 91.8 89. 
73 4 5 2 99.3 96. 1 73 4 5 4 106.7 101 . 
74 1 5 0 1 08. 3 105. 1 74 1 5 1 104.1 1 04. 
74 I 5 2 I 14. 9 110. i 74 1 5 4 115.6 i i 4. 
74 4 3 0 80.6 71. j 74 4 3 1 99.4 84. 
74 4 3 2 91.4 77. i 74 4 5 4 94.7 90. 
74 4 4 0 72.6 65. 1 74 4 4 1 70.5 69. 
74 4 4 2 85- 3 71 . 1 74 4 4 4 90.0 76. 
75 I 3 0 70.5 65. 1 75 1 3 1 72.6 70. 
75 1 3 2 80.0 69. 1 75 1 3 4 84.0 94. 
75 1 4 0 69.2 77. 1 75 1 4 I 74.6 76. 
75 1 4 2 80.6 80. 1 75 1 4 4 101.4 85. 
75 2 5 0 94. 1 95. i 75 2 5 104. I 108, 
75 2 5 2 84.0 93. j 75 2 5 4 114-9 113. 
76 2 3 0 72.0 67. i 76 2 3 1 72.0 79. 
76 2 3 2 70.6 82. 1 76 2 3 4 75.6 83. 
76 3 5 0 92.2 100. 1 76 3 5 1 104.4 97. 
76 3 5 2 97.2 110. 1 76 3 5 4 107-3 113. 
76 2 4 0 83.5 76. 1 76 2 4 1 77.0 68. 
76 2 4 2 89.3 80. 1 76 2 4 4 92.9 87. 
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TA3LEIa-MEADOW YIELDS GALVA PRIMGHAR RESEARCH CENTERCS.T/Aj 
YEAR BK ROT TMT YIELD! YIEL021 YEAR BK RLT TMT YIELOl YIELD2 
65 2 3 0 2.66 2.64 165 2 3 1 3. 24 3. 09 
65 2 3 2 3.17 2.63 les 2 3 4 2.65 2.41 
65 2 4 0 2.90 3.10 165 2 4 1 2.72 2. 92 
65 2 4 2 2.83 2.90 165 2 4 4 2. 64 2.32 
65 2 5 C 3.09 3.66 165 2 5 1 3.60 4.41 
65 2 5 2 3.61 3.69 Î65 2 5 4 3. 19 4.16 
65 3 5 0 2.64 2.18 1 65 3 5 1 2.52 2.23 
65 3 5 2 1.9 1 2.04 165 3 5 4 2.63 1 . 56 
66 3 3 0 4.33 3.82 1 66 3 3 1 4. 09 3.48 
66 3 3 2 3.34 3.69 1 66 3 3 4 3.69 3.44 
66 3 4 0 3.89 3.90 1 66 3 4 1 4. 04 3.61 
66 3 4 2 3.75 3.55 1 66 3 4 4 3.37 3.67 
66 3 5 0 4.13 2.83 i 66 3 5 i 3.57 3. 09 
66 3 5 2 3.73 3.21 j 66 3 5 4 3.83 3.61 
66 4 5 0 3.47 4.14 1 66 4 5 1 4.53 3.84 
66 4 5 2 3.33 3.33 1 66 4 5 4 2.52 2. 88 
67 I 5 0 4.47 3.58 167 1 5 1 4. 70 3.31 
67 1 5 2 3.82 3,34 167 1 5 4 3.32 3.01 
67 4 3 0 3.57 5. 17 167 4 3 1 3. 79 4. 97 
67 4 3 2 4.31 3.77 167 4 3 4 3.43 4.59 
67 4 4 0 3.80 3.81 167 4 4 1 3. 1 1 4. 1 7 
67 4 4 2 3.27 4.04 1 67 4 4 4 4. 56 3 . 45 
67 4 5 C 3.07 4.24 j67 4 5 1 5.35 3.65 
67 4 5 2 3.23 2.97 |67 4 5 4 2.52 2.91 
68 1 3 0 2.51 3.59 1 68 1 3. 1 2.39 2.81 
68 1 3 2 2.85 3.05 |68 1 3 4 3.33 3. 13 
68 1 4 0 2.35 3.20 1 68 1 4 1 2. 50 2.74 
68 1 4 2 3.40 2.61 1 68 1 4 4 2.85 2.79 
68 1 5 0 2.65 2.52 {68 1 5 1 2.66 2.43 
6cj i 5 2 2.24 2 •_ 5 5 ! Ô3 ; 5 4 1 .S3 1.71 
68 2 S 0 2.93 2.91 i 68 2 5 1 2.76 3.03 
63 2 5 2 2.12 3.62 I 68 2 5 4 2.16 3.07 
69 2 3 0 4.80 4.93 169 2 3 1 4. 76 5.25 
69 2 3 2 4.77 5.07 169 2 3 4 4.59 4.83 
69 2 4 0 5.13 5.41 |69 2 4 1 4.75 5.51 
69 2 4 2 4.66 5.13 1 69 2 4 4 4.82 5.04 
69 2 5 0 4.53 5.63 1 65 2 5 1 4.65 5.25 
69 2 5 2 4.56 6.15 169 2 5 4 4.71 5, 16 
69 3 5 C 4.31 4.66 (69 3 5 1 4.64 5.08 
69 3 5 2 4.16 4.36 i 69 3 5 4 4. 34 5. 12 
70 3 3 C 3.78 3.40 1 70 3 3 ! 3 = 60 3,31 
70 3 3 2 3.63 3.62 1 70 3 3 4 3.75 3.18 
70 3 4 0 3.31 3.55 1 70 3 4 1 3.78 3.32 
70 3 4 2 3.52 3.56 |70 3 4 4 3.29 3.44 
70 3 5 0 4»43 2.57 1 70 3 5 1 4.06 3.32 
70 3 5 2 3.65 3.02 170 3 5 4 3.64 3, 52 
70 4 5 0 4.15 4.01 i 70 4 5 1 3.55 3.92 
70 4 5 2 4c29 3 = 50 ! 70 4 5 4 3.32 2.97 
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TABLEI8-MEAD0W YIELDS GALVA PRIMGHAR RESEARCH CENTER{S.T/A) 
EAR BK ROT TMT YIELDl YIELD2 1 YEAR BK ROT TMT YIELDl YIELC 
71 4 5 0 4.71 4.71 1 71 4 5 I 4.90 4.55 
71 4 5 2 4.80 4.90 1 71 4 5 4 4.48 4.46 
71 1 5 0 4.07 4.57 1 71 1 5 1 4.4 1 4.36 
71 1 5 2 4.23 4.29 I 71 1 5 4 4.49 4.16 
71 4 •3 0 3.88 4.36 1 71 4 3 1 4. 46 3.66 
71 4 3 2 4.38 4.11 i 71 4 3 4 4.36 4.12 
71 4 4 0 4.31 4.40 i 71 4 4 1 3.92 4.20 
71 4 4 2 4. 1 7 3.79 1 71 4 4 4 3.96 3.51 
72 1 3 0 3.72 3.96 1 72 1 3 1 3.65 4.05 
72 1 3 2 4.03 4.03 1 72 1 3 4 4. 00 4.51 
72 1 4 0 3.56 3.86 1 72 1 4 1 3.90 3.84 
72 1 4 2 4.11 3. 77 1 72 1 4 4 3.61 3.96 
72 1 5 0 3.56 3. 15 1 72 1 5 1 3.58 3.10 
72 1 5 2 3.52 3.27 1 72 1 5 4 2.59 2.07 
72 2 5 0 3.36 3.57 I 72 2 5 1 3.42 2.44 
72 2 5 2 3.37 3.85 1 72 2 5 4 3.23 2.42 
73 2 3 0 5.56 5.3 1 73 2 3 1 5.32 5.6 
73 2 3 2 5.55 5.6 1 73 2 3 4 5. 17 5.7 
73 2 4 0 5.35 5.5 1 73 2 4 1 5.63 6.0 
73 2 4 2 4.96 5.4 1 73 2 4 4 4.93 4.9 
73 3 5 0 5.75 5.2 i 73 3 5 1 5.68 5.1 
73 3 5 2 5.41 5. 1 1 73 3 5 4 5.38 5.3 
73 2 5 0 4.18 6.3 i 73 2 5 1 4. 72 5.5 
73 2 5 2 5.1 1 6.7 1 73 2 5 4 4.SO 5.9 
74 3 3 0 4.31 4.1 1 74 3 3 1 4.24 4.4 
74 3 3 2 4.36 4.4 1 74 3 3 4 4.51 4.4 
74 3 4 0 3.79 4.5 1 74 3 4 1 4.28 4.4 
74 3 4 2 3.89 4.4 1 74 3 4 4 3.95 4 . 3 
74 3 5 C 4.40 4.4 1 74 3 5 1 4.59 4.3 
74 3 5 2 4.47 4.5 1 74 3 4 4*22 4,7 
74 4 5 0 4.42 4.6 1 74 4 5 1 3.88 4.4 
74 4 5 2 4.17 4.5 1 74 4 5 4 4.21 4.3 
75 4 3 0 4.39 4.57 i 75 4 3 i 4.26 3.71 
75 4 3 2 3.88 4.76 1 75 4 3 4 4.29 4.22 
75 4 4 0 3.99 4.12 i 75 4 4 1 4.03 4. I 3 
75 4 4 2 3.91 3.95 i 75 4 4 4 3.73 4.28 
75 1 5 C 4.05 4.73 1 75 1 5 1 4.11 4.61 
75 1 5 2 4. 09 4.85 1 75 1 5 4 3.93 4.06 
75 4 5 0 5.08 4.35 i 75 4 5 1 4.77 4.47 
75 4- 5 2 5.16 4.78 i 75 4 5 4 5.01 4.51 
76 1 3 C 3.19 4.6 Î 76 1 3 1 2=57 4=0 
76 1 3 2 4.50 3.6 1 76 1 3 4 3 = 94 3.5 
76 1 4 0 2.88 4.2 1 76 1 4 1 3.61 3.8 
76 1 4 2 4.49 3.3 ! 76 1 4 4 0 O
 
4c 1 
76 2 5 C 3.70 3.3 1 76 2 5 1 3.07 3.1 
76 2 5 2 3.35 4. 1 ! 76 2 5 4 3. 03 3. 1 
76 1 5 0 4.19 4.6 i 76 i 5 1 4.33 3.8 
76 2 5 2 3o69 3 e 4 ! 76 1 5 4 3.35 3.5 
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TA3LEI9-SDRGHUM YIELDS GALVA PRIMGHAR RESEARCH CENTER(BU/A) 
EAR BK ROT TMT YIELOl Y1ELD21 YEAR BK ROT TMT YIELDl YIELD2 
65 1 4 0 78.2 100.3 1 65 1 4 1 86.9 97.4 
65 1 4 2 89.3 39.3 1 65 1 4 4 87.5 88. 1 
66 2 4 0 1 04.9 118.5 1 66 2 4 1 124.5 124.7 
66 2 4 4 156.5 132.1 j 67 3 4 0 104.4 i 07 . 3 
67 3 4 1 100.9 89.3 1 67 3 4 2 103.-2 93.4 
67 5 4 4 102.1 111.4 1 68 4 4 0 41 « 0 45.4 
63 4 4 1 38.6 47.3 168 4 4 2 41.6 50.7 
68 4 4 4 58.3 39.0 ! 69 1 4 0 137.9 140.9 
69 1 4 1 139.2 140.4 1 69 1 4 2 140.4 139.2 
69 I  4 4 143.0 131.7 ! 70 2 4 0 63.3 71 . 1
70 2 4 2 77.2 72.8 1 70 2 4 4 63.0 69.1 
71 2 4 1 69.4 73.1 1 71 3 4 0 90.3 104.8 
71 3 4 J 97= 1 95, 1 ! 71 3 4 2 89.9 104.8 
71 3 4 4 95.9 104.0 I 72 4 4 0 89.8 83.9 
72 4 4 1 87. 2 83.2 1 72 4 4 2 84.6 78 . I 
72 4 4 4 88. 7 85. 0 1 73 1 4 0 1 15.3 106. 
73 1 4 1 1 14.5 111. 1 73 1 4 2 113.6 106. 
73 1 4 4 109.9 107. i 74 2 4 0 15.3 19. 
74 2 4 1 y. 0 23. 1 74 2 4 2 9.7 21 . 
74 2 4 4 11.2 14. 1 75 3 4 0 90.6 91 . 
75 3 4 1 89. 8 99. 1 75 3 4 2 90.2 99. 
75 3 4 4 89.4 95. 1 76 4 4 0 62.8 54. 
76 4 4 Î 55. 5 61 . 1 76 4 4 2 75.2 64. 
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TAâLEIlO-CCRN YIELDS SHELBY GKJNOY RESEARCH CENTER(BU/A) 
YEAR ROT TMT YIELOl YIEL02 YEAk ROT T M T  YIELÛl YIHLD2 
70 1 1 1 06. 7 94.4 1 70 1 2 113.3 94.0 
70 1 3 95. 0 103.3 1 70 1 2 100.4 101.9 
70 1 4 94.0 111.9 1 70 1 5 114.3 100.7 
70 2 1 105.2 84.5 j 70 2 2 123.5 95.7 
70 2 3 127.5 92.9 1 70 2 1 56 . 0 114.1 
70 2 2 87. 3 99.3 i 70 2 3 103.2 110.2 
70 3 1 96. 7 121.6 1 70 3 2 68.4 111.4 
70 3 3 123.4 106.8 1 70 4 1 103. £ £9.0 
73 4 2 96. 6 104.5 1 70 4 3 101.1 97.4 
70 4 1 96. 1 80.6 1 70 4 2 59.7 98.3 
70 4 3 92.4 94.4 1 70 5 1 93.6 91 .9 
70 5 2 50. 0 85.3 1 70 5 3 53. 7 89.3 
70 5 1 73. 6 1 06.6 i 70 5 2 106.4 104.6 
70 5 3 1 08. 3 1 06. 0 1 70 6 1 116.4 115.9 
70 6 2 l 05.3 103.9 1 7 0 6 3 1C9. 5 115.5 
70 6 l sy.4 66.7 1 70 6 2 69.4 103.1 
70 6 3 87. 1 114.3 1 71 1 1 10 1.5 99.0 
71 1 2 1 19. 0 110.9 1 71 1 3 114.9 114.3 
71 1 2 1 17.4 118.4 1 71 1 4 121.2 125. 1 
71 1 5 122. 2 121.5 1 71 2 1 91.4 101.3 
71 2 2 1 12. 6 114.9 1 71 2 3 1 14.3 93.9 
71 2 1 100.3 88.3 1 71 2 2 126.4 122.7 
71 2 3 1 20. 2 137.2 1 71 3 1 127.6 150.4 
71 3 2 1 03.9 135.2 1 71 3 3 116.9 139.6 
71 4 1 96. 5 74.9 1 71 4 2 116.8 121.4 
71 4 3 1 15. 1 116.3 1 71 4 1 82.3 86.2 
71 4 2 1 17.3 107.2 1 71 4 3 102.9 103. 1 
71 5 1 101.7 106.4 i 71 5 2 11 2.3 125.4 
71 5 3 1 07.5 106.8 1 71 5 1 106.2 106.3 
71 5 2 S9.5 112.9 1 -7 1 5 3 100=2 102,5 
71 e 1 77.4 122.5 i 71 6 2 1 1 2 . 5  1 13.0 
71 6 3 1 02.8 119.0 1 71 6 1 100.1 126.7 
71 6 2 137.9 126.5 i 71 6 3 121 .7 135.8 
72 1 1 1 03. 8 118.1 1 72 1 2 184.1 122.9 
72 1 3 155.2 154.4 î 72 I 2 165.5 154.6 
72 1 4 1 70.6 160.3 1 72 1 5 170.7 170.4 
72 2 1 133. 2 147. 7 i 72 2 2 181.1 175.5 
72 2 3 143.9 159. 7 1 72 2 1 99. 9 87.3 
72 2 2 181.5 163.0 i 72 2 3 143.9 138.6 
72 3 1 151.5 187.6 i 72 3 2 177.3 176.5 
72 3 3 1 76, 3 189.7 ! 72 4 1 129.3 155.2 
72 4 2 170.2 16 5.5 ! 72 4 3 176.3 158.3 
72 4 1 85.6 112.9 } 72 4 2 159.2 163.9 
72 4 3 136. 3 149.9 ! 72 5 1 1 73.9 154.7 
72 5 2 157.9 175.4 i 72 5 3 157,6 154,3 
72 5 1 114.9 103.9 1 72 5 2 190.8 152.0 
72 5 3 126.8 155.2 1 72 o 1 i 07. 2 142.9 
72 6 2 152.3 156. 4 ! 72 6 3 141.0 lfcO.7 
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TAaUcIlO-CQRN YIELDS SHELBY GRUNDY RESEARCH CENTER(8U/A) 
EAR ROT TMT YIELDl YIEL02 1 YEAR ROT TMT YIELDl YIELD2 
72 Ô 1 138.5 167.3 72 6 2 200. 1 162.3 
72 6 3 156. 0 167. 1 73 1 1 68.02 58.01 
73 I 2 111.83 142.65 73 1 3 57.03 96.22 
73 1 2 31.57 OÛ . 57 T3 1 4 115.57 102.73 
73 1 5 131.17 95.94 73 2 1 78.98 65.94 
75 2 2 So. 41 107.71 73 2 3 75. 13 86,97 
73 2 1 62.56 48.49 73 2 2 128.31 100.78 
73 2 3 84. 52 59.76 73 3 1 111.04 113.13 
73 3 2 131.52 136.77 73 3 3 143.63 122.75 
73 4 1 141.04 125.14 73 4 2 156.82 137.53 
73 4 3 151.17 123.43 73 4 1 70.76 69.01 
73 4 2 95.65 81.01 73 4 3 60.51 66.08 
73 5 1 129,79 105.48 73 5 2 148.13 140.31 
73 5 3 155.86 113.16 73 5 1 89.67 59.22 
73 5 2 140.66 100.45 73 5 •a 99. 87 77.14 
73 6 1 123.45 113.23 73 6 2 145.66 145.12 
73 6 3 143.42 147.23 73 6 1 63.33 90.81 
73 6 2 121.98 148.26 73 6 3 76.96 129.71 
74 1 1 54.35 53.38 74 1 2 72. 16 91 .70 
74 1 3 42. 58 61.36 74 1 2 77.81 65.95 
74 1 4 86. 38 6 7.63 74 1 5 83.00 64. 19 
74 2 1 74. 41 52.17 74 2 2 97.37 89.20 
74 2 3 83.47 64.29 74 2 1 44.69 38.41 
74 2 2 76.85 67.51 74 2 3 54.54 48.91 
74 3 1 82.84 87.58 74 3 2 79.40 85.21 
74 3 3 87. 78 86.31 74 4 1 78.73 73.93 
74 4 2 91.12 80 • 66 74 4 3 86. 72 85.43 
74 4 1 55 .56 46.38 74 4 2 85.10 71.56 
74 4 3 72.58 56. 04 74 5 1 67. 76 8 2.26 
74 5 2 88,38 86.45 74 5 3 80-03 85. 30 
74 5 1 51 .25 55.68 74 5 2 90.39 83.49 
74 5 3 78.28 55.31 74 6 1 89.21 79.01 
74 6 2 101.30 86.41 74 2 101.31 86.41 
74 6 3 98. 87 85.59 74 6 1 87.79 68.92 
74 6 2 97 .33 79 . 00 74 6 3 98.23 74.92 
75 1 1 57. 96 83.00 75 1 2 110.20 119.37 
75 1 3 74.22 107.51 75 1 2 116.80 125.93 
75 1 4 132.50 146.62 75 1 5 125.02 127.43 
75 2 I 103.06 95.37 75 2 2 121.95 126.89 
75 2 3 121.83 111.23 75 2 1 59.61 •40.26 
75 2 2 120.25 113.17 75 2 3 86.38 59.75 
75 3 1 117,89 1 19 9 44 75 3 2 133.06 130.91 
75 3 3 111.42 124.41 75 4 1 87.27 87.96 
75 4 2 129.61 134. 03 75 4 3 95.66 60.52 
75 4 1 88, 75 107.97 75 4 2 131.21 132.81 
75 4 3 110.59 128.50 75 5 1 105.33 122.24 
75 5 2 97 .91 125.63 75 5 3 98. 70 llSo25 
75 5 I 79. 13 101.77 75 5 2 126.60 118.19 
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TABLEIlO-CORN YIELDS SHELBY GRUNDY RESEARCH CENTER(BU/A) 
YEAR ROT TMT YIELOl YIELD21 YEAR ROT TMT YIELDl YIEL02 
75 5 3 101.43 104.60 75 6 1 106.10 72.77 
75 6 2 134.50 127.24 75 6 3 86.31 112.32 
75 6 1 101.85 73.69 75 6 2 100.63 126.63 
75 6 3 124.58 115.30 76 1 I 86 . 65 i0 4,50 
76 1 2 141.06 152.55 76 1 3 101.48 119.95 
76 1 2 145.40 138.50 76 1 4 152.55 152.96 
76 I 5 152.77 153.27 76 2 1 141.23 I 19.34 
76 2 2 159.83 165.78 76 2 3 160.61 154.16 
76 2 1 98.63 80.46 76 2 2 138.34 149.96 
76 2 3 129.02 93.32 76 3 1 149.18 171.17 
76 3 2 156.20 167.10 76 3 3 161.20 163.16 
76 4 1 159.42 159.53 76 4 2 171.18 158.99 
76 4 3 158.06 163.61 75 4 1 96o 04 97,71 
76 4 2 149.70 142.88 76 4 3 147.78 98. 18 
76 5 1 144. 06 155.41 76 5 2 161.13 159.18 
76 5 3 151.15 150.02 76 5 1 106.10 146.56 
76 5 2 153.21 155.62 76 5 3 149.44 157.81 
76 6 I 134.84 147.68 76 6 2 165.94 16 2.54 
76 6 3 153.86 153.99 76 6 1 171.58 157.40 
76 6 2 158.75 166.02 76 6 3 160.48 155.22 
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TABLEIll-SOYBEAN YIELDS SHELBY GRUNDY RESEARCH CENTER(BU/A) 
EAfi ROT TMT YIELD 1 YIELD2i YEAR ROT TMT YIELDl YIELD2 
70 2 1 20.4 46.2 70 2 2 29.6 45.9 
70 2 3 31 . 0 45. 8 70 6 I 34.2 46 . 6 
70 6 2 42.0 44.3 70 6 3 46.5 44.7 
T i 2 1 34 « 2 3Ô . 0 7 I 2 2 34.8 35.3 
71 2 3 35. 2 33.3 71 6 1 36. 8 36.7 
71 6 2 35.6 41.2 7 1 5 3 34.3 34.9 
72 2 1 48.3 49.4 72 2 2 48.3 48.3 
72 2 3 48.4 47.2 72 6 1 50.2 47.7 
72 6 2 51.2 47.6 72 6 3 51 .3 46.7 
73 2 1 37. 00 28.10 73 2 2 34.00 27.10 
73 2 3 34.4C 29.90 73 6 1 34.70 41.10 
75 6 2 39.4 0 34.20 73 6 3 40. 00 34.20 
74 2 1 35. 20 36. 40 74 2 2 33.90 37.80 
74 2 3 36.0 0 3^.00 74 6 1 33.40 31.20 
74 6 2 36.20 3 1.60 74 6 3 29.70 29.70 
75 2 1 29. 70 25.30 75 2 2 37.50 37.60 
75 2 3 38.00 35.90 75 6 1 39.00 38.50 
75 6 2 36.80 37.90 75 6 3 36 .60 40.60 
76 2 1 35.80 41.40 76 2 2 35. 40 45. 10 
76 2 3 34. 1 0 41.70 76 6 1 47.80 47.30 
76 6 2 42.60 44.20 76 6 3 40.90 45.00 
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TABLEI 12-OATS YIELDS SHELBY GRUNDY RESEAR38 3CNTER(BU/1) 
YEAR ROT TMT YIELOl YIEL021 YEAR ROT TMT YIELDl YIELD2 
70 3 1 58.2 57.2 1 70 3 2 54.4 52.7 
70 3 3 65.5 51.7 1 70 4 1 38.8 38.1 
70 4 2 47.8 38.3 1  70 4 3 37.8 29.8 
7 G 5 1  3T 24^9 5 2 39 » 5 27;4 
70 5 3 43.2 21.0 1  70 6  1 63. 1 63.1 
70 6  2 6 1  . 8  57.6 ! 70 6  3 52=3 6 7 ,  1 
71 3 1 54.4 63.2 J  71 3 2 79.5 85.4 
71 3 3 76.3 7 1.2 1 7 1  4 1 48.4 61.7 
71 4 2 57.2 74.8 1 71 4 3 55. 0 84.5 
71 5 1 63.<4 48.6 1 71 5 2 80.9 63.2 
71 5 3 77.7 59.3 1  71 6 1  70.6 39.2 
71 6  2 52.2 78.1 i  7 1  6  3 53.2 67.0 
72 3 i 46. 5 87.4 1 72 3 2 122.0 108.7 
72 3 3 1 18.8 10 1 . 0  1  72 4 1 74.6 71.6 
72 4 2 86, 6 104.6 1  72 4 3 84.6 92.2 
72 5 1 111.5 94.4 1  72 5 2 1 16.2 114.4 
72 5 3 118.0 104.1 i  7 2  6  1 76. 5 85.0 
72 6 2  98.0 99.6 i  7 2  6 3 3 G • 1 S4.3 
74 3 1 30. 40 59.20 1  74 3 2 46.70 51 .80 
74 3 3 35.90 50.30 1 74 4 1 42.20 40.40 
74 4 2 38.00 34 . 00 1 74 4 3 45.20 50.20 
74 5 1 47. 70 38.00 1  74 5 2 35.50 43.70 
74 5 3 49.30 52.40 1  74 6 1 55.80 27.40 
74 6  2  38.40 35. 1 0 1 74 6 3 53.20 35.80 
73 3 1 41.90 74.50 1  75 3 2 69. 00 57.20 
75 3 3 64.20 55 .30 1  75 4 1 34. 70 67.40 
75 4 2  34. 50 78. 50 1 75 4 3 44 .40 68.60 
75 5 1  41, 50 39. 40 1  75 5 2 33.70 83.60 
75 5 3 38. 10 58. 50 1 75 6 1 4 7.30 43.50 
75 6 2 81.60 77.60 1 75 6 3 64. 70 73.60 
76 3 1 98.40 69.3U ! 76 3 2  Ô 1 . 00 6  0 . 5 0  
76 3 3 115.8 1  76 4 1  65.80 
75 4 2  ! 76 3 58. 70 44.70 
76 5 1 64. 90 59.80 i  7 6  5 2  86. 10 166.90 
7 6  5 3 9 0  . 6 0  i  7 6  6  1  6 2=50 6 1 = 0 0  
76 6 2  95.60 100.50 1  76 6 3 78.60 68.90 
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TABLE I13-MEAOOW YIELDS SHELBY GRUNDY RESEARCH CENTER(S.T/A) 
YEAR ROT TMT Y I  EL D 1 YIELDS 1 YEAR ROT TMT YIELDI YIELD2 
71 3 1 1.73 2.25 1 71 3 2 1 .67 1 .45 
71 3 3 1.12 2.20 1 71 3 1 3.64 1 .58 
71 3 2 3.18 2.08 1 71 3 3 3.19 2.57 
7 1 & 2=67 1 7 1 4 2 0 = 99 
71 4 3 1 .  75 1 71 5 1 2.15 
71 5 2 1 .98 ! 71 5 3 2.53 
71 5 1 3.66 4.06 1 71 5 2 2.85 4.29 
71 5 3 2.95 3.22 1 71 6 1 2.72 1 .50 
71 6 2 1.87 1.63 1 71 6 3 2.58 1 .63 
72 3 1 4.50 3.98 1 72 3 2 4.43 4.21 
72 3 3 4.66 4.36 I 72 3 1 6.47 6.60 
72 3 2 5.56 5.91 1 72 3 3 4.99 6.81 
72 4 1 3.49 5.02 j  7 2  4 2 4.52 4.78 
72 4 3 4-30 5.55 i  7 2  5 1 5-77 4.77 
72 5 2 5.29 4 .80 1 7 2 5 3 6.34 4.67 
72 5 1 6-23 7 . 1 0  1 72 5 2 6.09 6.76 
72 5 3  5.52 7.51 1 72 6 1 6.07 6.44 
72 6 2  5 - 4 2  5 . 3 0  1  7 2  6 3  6.28 6.21 
73 3 1 3. 76 4 . 7 9  1 73 3 2 3.69 4.20 
73 3 3  4.38 4.39 1 73 3 1 5.60 5.51 
73 3 2  5. 67 5 . 4 9  1 7 3  3 3  5.35 5.10 
73 4  1 4.12 3. 63 1 73 4 2 3.45 3.05 
73 4 3  4 . 8 7  4. 13 i  7 3  5  1 5. 73 5.26 
73 5  2  4.86 5 . 2 0  1 73 5  3 5.37 5.43 
73 5  1 4.63 1 . 3 4  1 73 5  2  4. 76 1 .  91 
73 5  3  4.45 2.41 1 73 6  1 4.71 4.85 
73 6 2  4 . 6 6  5.21 1  7 3  6 3 5. 26 5.65 
74 3  1 1 . 1 8  0 . 6 2  1 7 4 3 2 1.64 0. 76 
74 3  3  1 .26 1 .  09 1 74 3 1 2.65 3.26 
74 3 2  2. 5 1 3 . 4 2  1 7 4  3  3  3.15 2.90 
T-* 4 1 Û . 4 Ô  Ù -  9 Ô  !  7  4  2 0. 97 0  .  7 7  
74 4 3  0 . 9 0  1 .  3 5  1 74 5  1 0.46 1 .26 
74 5 2  0 . 7 7  0 .  7 8  1 7 4  5  3  0.90 0 - 5 5  
74 5  1 3. 40 3 .  0 9  1  7 4  5 2  3.10 3.88 
7 4  5  3 = 47 3,66 i  7 4  6  1 1 = 40 0 = 8 7  
74 6  2  1 .  23 1  .  2 4  1 74 6 3 1.19 1.11 
75 3  1 4 .  5 5  5 . 5 9  1  7 5  3  2  4 . 6 9  3.85 
75 3 3  3.66 5.41 1 75 3 1 3- 51 4. 14 
75 3  2  4 .  0 9  3 . 5 6  ! 75 3  3 4,23 4. 12 
7 5  1 5 . 5 3  4 ^ 7 0  ! 7 5  4  4 « SG 4 * 1 2  
75 4 3  5. 74 4.94 i  7 5  5  1 4.77 3.38 
75 5 2  4 .  9 8  4 . 3 9  i  7 5  5 3 4. 78 4.38 
75 5  1 3 . 1 9  4 . 9 6  1 75 5  2 3.50 4.56 
75 5  3  4.23 3. 73 1 75 6  1 6.28 4.39 
75 6  2  5. 86 4 .  7 9  1 75 6  3  6.56 4.98 
76 3  1 3.42 3.31 I 76 3  2 3.58 3.24 
76 3  3  3 . 6 6  3.62 ! 76 3  1 5.21 4.44 
76 3  2  5 . 1 6  4 . 4 0  i  7 6  3  3 4. 19 4.58 
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TABLE I 13- MEADOW YIELDS SHELBY GRUNDY RESEARCH CENTER!S .T/A ) 
YEAR ROT TMT YIELOl YIELD2 YEAR ROT TMT YI ELDl YIELD2 
76 4 1 2.02 3.37 1 76 4 2 2,74 4.05 
76 4 3 2. 25 4.15 1 76 5 1 2.16 3. 55 
76 5 2 2.77 3.43 1 76 5 3 2. 04 4.05 
76 5 1 5-2 1 Û.  66 ! 76 5 2 4. 98 
o
 
If) 
76 5 3 4.95 5.01 1 76 6 1 4.61 3.40 
76 6 2 1.99 3.91 1 76 e 3 
O
 
O
 
•
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